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PREFACE 


The present volume is the precursor of several others, 
which are to be brought out in successive order, the series 
constituting a complete work ion modern practice in 
mining. 

In view of the many text-books treating of the prin¬ 
ciples and practice of coal mining, the question may be 
asked,* why add to the number, particularly as some of 
these so admirably fulfil the functions for which they were 
intended ? 

The answer to such a query would be that the work 
now being carried out follows lines quite distinct from 
those on which any existing treatise has been constructed, 
and is intended to meet wants which have frequently been 
brought before the writer’s notice. 

It ii» impossible to treat either exhaustively or Scle-,. 
quately such an extensive subject as modern mining 
within the compass of a single volume, without the book 
assuming such bulky proportions as to render comfortable 
perusal itjjpossible. Furthermore, mining, as now pro¬ 
secuted, is^made up of many branebes, some of which are 
followed as professions apart from general mine engineer¬ 
ing. Tlvis in the Colonies there is a class who may be 
«all%d professional prospectors, whose province's the dis¬ 
covery, but not the development, of mineral deposits. 
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And both in the United'Kingdom, the Colonies, America, 
and on the Continei^t, there are important companies 
having for their object the carrying out of boring opera¬ 
tions. for water, coal, mineral oil and gas, salts and 
metalliferous deposits. Again, there are individuals and 
companies, aobing as contractors for the sinking and lining 
of shafts. Also contractors, who though neither owning nor 
managing coal-mines, engage to work and bring the coal 
to the surface; and again, the mechanical engineer, whose 
work lies entirely with ihe mine machinery, and is not 
greatly concerned with the methods of working coal or 
minerals. Unlike the mining engineer, none of these 
require for the study of their own particular department 
a complete treatise on mining. 

Hence the design of the present scheme, in so far as 
it relates to coal mining, is to so divide up the subject, 
and give the latest information thereon, as to render 
each volume a comprehensive manual on a distinct de¬ 
partment of coal mining. The subject-matter will, there¬ 
fore, be apportioned as follows:— 

yolutae I. Coal: its Occurrence, Value, and Metho(3s 
of Boring 

i^olnme II. The Sinking and Equipping of Colliery 
Shafts. 

Volume III. Methods of Working Coal. 

Volume IV. Ventilation of Coal Mines. 

Volume V. Mechanical Engineering as applied to 
Collieries. 

Other volumes, on metallifejous mining, are contem¬ 
plated, as^well as tme on mine surveying, the latter’the- 
work of ^r. H. ^Briggs, B.Sc., A.E.S.M., and will be 
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added to this series from time to*time, so that the entire 
•work will embrace a complete sohVme of instruction in 
coal, ore, and stone mining, and yet allow of any one 
volume being obtained without committing its owner to 
the acquisition of any others of the series. 

The Writer’s experience of mining, fi;ctending over 
twenty-four years, chiefly in a mine-managing capacity 
both, at home and abroad, but latterly as a Professor of 
Mining, has impressed upon him the necessity, in a 
work of this kind, of a careful, blending of theory Vith 
practice; and it will be observed that, wherever possible, 
theoretical precept has been supported by practical ex¬ 
ample. Out-of-date methods, whether as to mining or 
machinery, are avoided, and old practices only alluded 
to when warranted by the fact of their being still 
current. In some text-books an undue amount of space 
is devoted to obsolete methods and conditions, which, 
whatever may be their interest historically, are now of 
little or no practical value. 

Formulae when used will only be such ^s experience 
jhas shown to be of real value; and besides giving 
an indication of the reasoning by ^ which the® are 
arrived at, their use will be illustrated by practical 
examples. 

Many of the figures illustrating the text have been, 
and will be, specially drawn for the volumes, but where 
recourse is had to existing illustrations they will in all 
cases*be*duly acknowledged. 

It is not the writer’s object to make the first three 
chapters of the present volume a substitute for the 
serious study of constructive geology, a kaowledge of 
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which constitutes a moet important part of the equip¬ 
ment of the mining Engineer, but rather to supplement* 
such study, and give*in a condensed and comprehensive 
form such geological and chemical facts relating to coal 
as are *of interest from the miner’s point of view. And 
if the perusal, of the book leads to a wider and deeper 
investigation of geology and the other sciences allied 
to mining, an important part of the writer’s object* will 
have been achieved. 

The manner of the occurrence of coal in different 
parts of the world, the chief eharacteristic.s, commercial 
value and relative importance of the various solid 
mineral fuels, the means of locating the deposits and 
estimating their extent and worth have been dealt 
with. Passing allusion has been made to some of the 
principal building stones, as beixg of importance to 
mining engineers in respect to the structures they have 
frequently to erect in order to win and work the coal 
deposits. The volume is intended indeed to form what 
may be term'ed the introductory chapters to a work on 
Coal Miniag. 

Sfcce Mr. J. (^lark Jefferson read his paper, entitled 
llistory of Deep Boring or Earth Boring as practised 
on the Continent,” before the Midland Institute of Min¬ 
ing, Civil, and Mechanical Engineers in 1877, no serious 
work* on boring has appeared in the English language, 
^although of late years great strides have been mad^ in 
the art of drilling holes in the earth’s crust; and by 
reason of the introduction of new qpd improved methods, 
the rate at which such work can be executed having 
’ vastly increased, whilst the cost has been correspondingly 
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reduced. A r4sum4, therefore, «of •modern methods of 
boring is not out of place, and it* is hoped may be of 
use to the prospector, the well* sinker, the mining 
engineer—whether he be a coal or metalliferous ore 
miner—and others interested in mining. 

R. A.iS. REDMAYNE. 
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MODERN PRACTICE IN* 
MINING 

CHAPTER I 

COAL; VABIETIES, COMPOSITION, AND OCCURRENCE 

Befoke entering upon a study of the principles of coal¬ 
mining, it is expedient that one should have a fairly 
comprehensive knowledge of the substance to be mined. 
The chemical composition and physical characteristics of 
fossil fuel, as well as the manner of its occurrence, are 
matters of moment to ^11 those connected with industrial 
enterprise, as well as to mining engineers. 

What is Coal? —Under the head of Coal may be 
comprehended all those solid fuels which are contained 
in the earth’s crust, varying greatly in point of age and 
also as to chemical composition; the figures given iii 
Table I., on the next page, show how great this variation 
may be. 

. It will be observed from this table thait, generally 
speaking, the older the geological formation in which it 
occurs the higher is the percentage of carbon and the 
fess the ^mount of volatile constituents in the fuel. 
Woody fibre and peat have been intreduced into the table 
to furtlifer emphasise this peculiarity. The difference in 
the composition of the fufls is due, however, more to the 
extent of the metamorphic action to which they have 
been ^bjectfed than to age per se. This featibe might 
VOL. I. A 
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Table I. — CtmipmUm of wm Typical Fueh. 




Name of Fuel. 

Percentage Comp(»ilion. 

Carbon. 

Hydrogen. 

Oxygen and 
Nitrogen. 

•• 

1. Wood from the Shannon . . 

52-65 

5-25 

42-10 

2. P(at from the Shannon . . 

60-44 

5-96 

33-80 

3. Lignite from Cologne . . . 

66-96 

5-27 

27-76 

4. Earthy hrown-coal from Dax 

74-20 

6-89 

■ie-90 

6. Oannel coal from Wi(»an . . 

86-81 

6-86 

8-34 

4 Newcastle (Hartley) coal 

88-42 

5-61 

5-97 

7. Anthracite from Wales . . 

92-85 

3-96 

3-19 


have been further illustrated by including “graphite” 
and the “ diamond.” * 

Peat. —Peat is frequently, and erroneously, regarded 
as coal “in the making,”,whereas true coal, as will be 
presently shown, owes its origin neither to peat bogs 
nor yet to the forest tree, but to forests of crypto- 
gamic plants. Although peat, therefore, properly speak-• 
ing, is not coal, nor will in the process of time become 
such, yet so considerable are the potentialities of these 
deposits as possible fuel supplies in the future, and so 
mufh attention has of late been directed towards them',* 
thdt some notice of the subject in these pages will hot 
be considered out of place. 

^ Graphite (^lambago, blacklead) consists of carbon with from 0'3 to 0*5.per 
cent, of impurity, usually in the form of lime, iron, or alumina; but some graphites 
contain a much higlier percentage of impurity and are commercially valueless. 
The following is an analysis of a typical Ceylon graphite:— 

Per Cent, 

Carbon.99’^ 

Volatile matter*.0^01 

Ash ........ . 0*15 

The diamond is practically purebarbon. 

^ In Russia the peat industry is supereised by a special office under the 
Ministry of Agriculture and Domains {Burtnu de VJnduntne des Twi.ht9\ And 
an official n^ap was shown at the Paris Exhibition giving information of about 
113 turbaries,” occupying about an area of 398 square miles. 
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The formation of peat is comm<JrJy due to the remains 
df different kinds of mosses, in Gr^ftt Britain chiefly of 
the genus sphagnum, but in some countries it owes its 
origin to other plants. , 

There are several million acres of peat in Great Britain 
alone, varying from 5 to 30 feet in thicjjness, and in 
North America from 800 to 1000 square miles of a 
thickness of from 5 to 25 feet, besides vast areas in 
Europ’e and Northern Asia. 

The rate of growth of peat bogs is variable, and our 
knowledge respecting the same is somewhat indefinite; 
but it has been estimated that some extensive peat bogs 
in Great Britain have increased in vertical thickness by 
3 to 5 feet since the date of the Koman invasion. 

The density of peat is often given as varying between 
0'25 and r4; but for the purposes of estimating the 
available tonnage in any given area the figures given by 
Sir Robert Kane may be used, viz.;— 

1 cubic yaifl of light (domestic) peat weighs 500 Ills. 

1 cubic yard of good peat weighs 900 11 m. 

1 cubic yai-d of the densest peat weighs 1100 lbs. , 


The fact of peat containing in its natural oondition 
so'much water, frequently as high as 90 per cent.* in 
mountain peat, has prevented its more extensive use both 
as fuel and for other purposes. The cost of‘drying and 
compressing it acts as a deterrent. 

The, composition of the best Irish (Kilbeggan) dried 
peat may be given as— 


Girbon 
Hydrogen 
Oxygen 1 
Nitrogen) 


Per Cent 
. 6104 
. 6-07 

. 30-46 


Ash.1-83 
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representing a heatUi^ value of about 5200 calories, or 
9160 B.T.U., which‘compares favourably with some coals. 

In Germany, peat is being successfully used in the 
generation of producer-gas, the gases made from peat 
being unusually clean and almost free from arsenides and 
sulphur. Thy chief use for peat in the future would seem, 
however, to lie in the direction of the manufacture there¬ 
from of carbonised briquettes, though the huge masses of 
raw material that have to be handled in order to obtain a 
comparatively small quantity of serviceable fuel renders 
most, if not all, existing processes unprofitable. Efforts 
are, however, being made in several countries to put this 
manufacture on a commercial footing, and doubtless a 
method will eventually be evolved of profitably utilising 
these vast stores of carbonaceous wealth. « 

The Classification of Coals.— Coal may l)e classed 
according to the relative proportion of volatile hydro¬ 
carbons to fixed carbon in the total carbonaceous contents. 
Thus, taking a sample of Natal coal dried at about 212° F., 
the following analysis is given 


Volaiile hydrocarbons 

IV.r Cent. 

. . 70-f.3r^’® 

Fixed carbon .... 

'• Sulldiur. 

. 4-18 

‘‘Ash. 

. 8-66 

lOO-CX) 

From the 'low percentage of volatile hydrocarbons 


might be supposed that, adopting the classification given 
below, this was a semi-bituminous coal; but tlie tru^ 
relative values of volatile hydrocarbons to fi«ed carbon 
are not as 16-63 to 70-53, but as 19 to 81,' Mchiqh would 
bring it under the class.of bituminous coal. 

The author has found it advisable to adopt the follow¬ 
ing broad classification (of coals), which he founds to a 

* For 87-16 : 100:: 16-63 :19. 
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wide experience of a great variety, of coal, British and 
foreign:— 


Table II. — Ckmijiration of Coals, 


Class of Coal. 


Gaseous, highly bituniinoBs ‘ or “ fat" 

coal.s. 

Bituminous, further divisible into “house,” 
“manufacturing,” second class “gas,” 
and second class “ steam ” coals . 
i Semi-ldtuminous, steam or “dry” coal 
I Anthracitic, cojds ranging between semi- 
j anthracitic and jiure anthracite . 


Numerous other divisions have been sugge.sted; that 
of Professor Frazer is worthy of notice, and, as being 
frequently adopted, is given below : - 


Table III. 


Classes of Ctml. 


Ratio 

C. 

Vol. H.C. 

: 1. 

Bituminous .... 

. from 

.'): 1 

to 10 

1 

Seini-bituininous . 

• }t 

»:I 


1 

Semi-anthracites . 

• » 

12: I 

„ 8 


Hard dry anthracites , 

• ft 

5:1 

„ 10 

1 


Distribution and Occurrence of Coal 

Tke World’s Production. —Coal, of all substances 
mined, is^the most widely distributed, and is produced in 
larger quantities than any other commodity. The world’s 
production of coal during the year 1905 was no less 
than 541,015,007 metrip tons,® ’the value of which was 

^♦Bitnminous coal is in reality a misnomer, a bituminous coal containing no 
actual bitument its use is sanctioned by long-standing oustoa^ 

* A*ra8fcrio ton (tonneau, millier, or tonne) Is equivalent to 2204‘6 lbs. av. 


Relative Percentage. 

♦« 

Fixed Carbon. 

Volatile 

Hydrocarbon. 

50 to 00 

50 to 40, 

68 to 82 

40 to 18 

82 10 88 

18 to 12 

88 to 96 

12 to 4 
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estimated at more thah £305,000,000 sterling, the chief 
producers being— 

Metric Tons. 

The United States of North America contributing 356,454,088 
Vie British Empire (of which Great 
Britain and Ireland contributed 


£239,918,239) . 
The German»Empire 
Austria-Hungary 
France . 

Belgium 
Biissia . 

,.Japan . 

Spain . 


269,929,379 

173,810,669 

42,454,004 

36,927,704 

21,775,280 

19,628,008 

11,642,041 

3,371,919 


Formations containing Coal Deposits.— Though 
by far the greater stores of coal, and those which are best 
in quality, are contained in the Carboniferous system, 
coal is by no means limited to that geological hdrizon. 
Eliminating lignite, which exists chiefly in the Tertiary 
deposits, coal has been found as Iqw down in the geologi¬ 
cal scale as the Silurian system. The coalfields of Russia 
were considered by Sir E. I. Murchison to belong to the 
Lower Carboniferous period,’ but others are of the opinion 
that they arf. of Old Red Sandstone origin. The immense 
and remarkable field in the provinces of Hoonan and 
ShaUsi (China)—the latter province enormously rich in 
coal and iron, being, perhaps, even more extensive and 
richer than the great Pennsylvanian coalfield of North 
America—is, like the Indian fields, of later origin than 
Carboniferous times. In Lower Austria coal is mined 
from seams in the Triassic, Liassic, and Upper Cre&oeous „ 
formations. The small coalfield at Brora, neai* Dornoch 
in Sutherlandshire, is of Lower Oolitic age, asi is^lso a 
small field in Skye. In .Canada, the coal of the Pacific 
Coast, generally bituminous, is of Cretaceous age. The 
thick seams of excellent coal in the vicinity of, the Crdw’s 

^ Jiuuia and the Ural Mountaine, toI. 1. p. 69. 
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• • «; 

Nest Pass ■ (Canada), which are il(\w being extensively 
exploited, belong to the Cretaceous* period. True coal 
and anthracite are found in the Cretaceous and Jurassic 
rocks of Peru, whilst the coalfields of Cape Colony, the 
Transvaal, and Natal are, in all probability, of Triassic 
age and subaqueous origin. 

The Carboniferous System in Great Britain.^ 

—The largest number of fields of bituminous coal and 
anthracite belong, as has been said, to the Carboniferous 
system—the great majority of the British coalfields, for 
instance. Broadly speaking, the Carboniferous system of 
the United Kingdom can be divided into three sub- 

Strata of nluile aud sandstone^ witli occasional seams 
of coal, fireclay, and, in some fields, ironstone. 
Is fuiliher divisible in some of Ibe fields into 
Uj^per, Middle, and Lower Coal MeasurcH. Total 
thickness varying from 000 to 10,000 feet. 

Usually a coarse qiiartxose sandstone, wliich has in 
some ])art5 Ijcen used for millstones, with beds of 
shale, but rarely of coal. Sometimes exceeds 600 
feet in thickness, and is known as "Farewell 
Rock.” Absent in some coaKields. 

Limestones of vai*ying thickness, wtth some calcare¬ 
ous shales, sandstones, and j'rite. In part of North¬ 
umberland containing several woik^le serins of 
coal. Total thickness very variable, being Some¬ 
times more tlian 2000 fe#t. Entirely alisent in 
several of ibe coalfields, as, for instance, in 
Staffordsliire and Warwickshirf, where the coal 
measures rejHxse directly on a Silurian floor. 

(The extent and relative positions of the British coalfields 
are showll on the accompanying map. Fig. 1, in large 
measu."^ » copy of that submitted by Professor Hull to 

^ Foi^ synojwis of what is known concerniilig the geological conditions, extent, 
and available resources of the dbalfields of the United Kingdom, the reader 
cannot do better than refer to The €oal;j^elds of Great Britain^ by Edward Hull, 
M.A., and the Jieportt on Available Coal Rciourcet of the ^^rioua Butnots, 

by tbe*Bo 7 al Commission on Coal Supplies, 1905. 


divisions. 


l. Coal Measures. 


2. Millstone Grit. 


3. 'Mountain or Car- 1 
boniferous ( 

Limestone. 
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the first (Argyll) Eoyal Coal Commission, and published 
by them in their Ee^ort of 1871. 

The British Coalfields. — Professor Hull has 
divided the coalfields into groups, and his arrangement 
is, with some additions, here reproduced as being the most 
convenient. 

I. English Coalmelds 

Midland Group. — North Staffordshire; 2. South 
Staffordshire; 3. Leicestershire; 4. Warwickshire. 
Nbrth Midland Giwip. —1. Yorkshire; 2. Derbyshire 
and Nottinghamshire. 

Great No^'them Group.—1. Durham and Northumber¬ 
land ; 2. Cumberland. 

North-Western Group. —1. Lancashire and East Cheshire; 

2. Coalbrookdale (or Shropshire); 3. Forest of Wyre. 
Western Group). —1. Bristol and Somersetshire; 2. Forest 
of Dean. r 

Southern Group.'^—Tihe. Kent coalfield. 


II. Welsh Coalfields 

1. South Wales Field ; 2. Denbighshire; 3. Flintshire. 


III. Scottish Coalfields 

1. The Clyde Basin; 2. Midlothian; 3. Haddingtonshire; 
4. Fifeshire; 5. Ayrshire; 6. Lesmahagow; 7. 
Canobie. 


t IV. Ieish Coalfields 

1. Northern Group; 2j Southern Group. 

It is probable that, in the majority of cases" tbfe coal¬ 
fields of Great Britain are’geologically of the same age, and 


* This ooalBeld. the positive existence of which has been proved by boiines 
^d sinkings s»oe the first edition of Hull’s work, was not included in his group¬ 
ing of the fields, nor is it indicated on his map. • 
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at one time constituted one confiquous tract. Through 
the agency of past denudation they now form detached 
areas. As to the nature of the coal considerable diversity 
exists, and this variation, coupled with the abundance of 
the different classes, has conduced more than anything 
else to the establishment of British commercial greatness. 

Coal-mining, until comparatively recent times, was 
carried on to a greater extent in some fields than in others, 
that is to say, the coal was easier got, of better quality, 
or nearer to centres of consumption or the sea board tjian 
in the less worked fields. Gradually, however, the other 
fields began to be developed, so that at the present time, 
whilst some of the coal-mining districts may be regarded 
as progressive areas, that is to say, have not yet attained 
to the zenith of their productive development, others arc 
either stationary or retrogressive. And though some of 
these latter may show increased annual production, this 
is due rather to augmentation of output from existing 
collieries than to any further extension of development. 

Quality of the Coal in the different Fields.— 
Allusion has been made above to the great variety of 
coal mined in the United Kingdom; this variation in 
quality is found to exist also within indivicKial £elds. 
For instance, good coking coal is mined^ncar the banlis of 
the river Tyne, west of Newcastle; yet close to Newcastle 
itself the celebrated Wallsend household toal was pro¬ 
duced. What is said to be the finest coke in Europe is 
made'from coal worked in the western and south-western 
portion of the Durham part of the Northern field, yet 
good ^a%and first-class house co&ls are raised from the 
collieries in the central and eastern districts of Durham. 
The chief steam-coal producing districts are South Wales, 
Northumberland, some of the Scottish fields, and to some 
extant, also, Lancashire, North Staffordshire,**and York- 
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shire. The Midland .fifelijs, however, yield pnncipa,% 
house, manufacturingj and iron-smelting coals, as weff. 
as coals of gas and coking quality. 

The quality of British steam-coal, especially that 
derived from the central part of Glamorganshire in the 
South Wales coalfield, is regarded as superior to all other 
steam-coal at present in the markets of the world. 



Fia. 1.—Map of the Coalfields of the United Kingdom. 


The South Wales coalfield, with the exception ef the 
Clyde basin, is the largest in the United Kingdom^taking 
into consideration only* the exposed portion of Jhe latter 
field (see Fig. 1). It is also remarkable for the'great 
variety it presents in the character of its seams*. In 
Monmouthshire these are bituminous, but become less 
so towards*the south-west, until in Mid-GlamoVgan fibey 
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constitute the smokeless steam-cfi^, used in the Royal 
and some other navies.' Towards the west (Pembroke¬ 
shire and Carmarthenshire) the seams pass into anthracite. 

As illustrating the rslative importance of the several 
fields, the approximate annual production therefrom in 
millions of tons (based on the returns for 1906) is given 
below:— ** 


rFifeshire. 

Scotland 4 Lothian, Clyde, and other coalfields 
^Ayrshire. 


Million Tons. 



England 


Great Northern coalfield 

Cumberland 

Chester 

i Yorkshire 
Derbyshire 
Nottingham 
Leicestershire 
Lancashire . 

N. and S. Stafordslure 
Warwickshire 
Shropshire . 
Worcestershire . 
Gloucestershire . 
Somerset 
Monmouthshire . 


.'52 \ 

1 


6H 


24| 

13j 

4 


174 ^ 


I 

i 

i 

1 

12i/ 


. Wales 


South 

North 



Ireland 


A A 


Available Supply of Coal in the British Fields. 

—Th« final Report of the Royal Commission of Coal 
Supplies,was issued in January 1905, and from it* are 
gleaned ^e following particulars 5— 

Thb estimated available quantity of coal in the proved 


. ^ The available resoarces of irst-class Welsh Btoam-coal were stated by the 
reoeDt Boyal Commission on Coal Supplies to be amply sufficient to supply the 
Bntish Navy for many yean to oome, being estimated at 39|7 million tons, 
whUsfr.tbe present annual output is 18 million tons. * 
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coalfields of the Kingdom up to a depth of 5000 

feet froin the surface is estimated at 100,914,668,167 
tons; and of this amount 79'3 per cent, is contained 
in seams 2 feet thick and upwards, and 91’6 per cent, 
in seams of 18 inches and upwards. The resources in 
the proved fields below 4000 feet are estimated at 
5,239,433,98(5* tons, and in unproved fields at depths 
less than 4000 feet at 39,483,000,000 tons. 

As to the duration of the coalfields, the Commission 
hesitated to pronounce definitely. Over the previous 
thirty years the average increase in output has been at 
the rate of 2^ per cent, per annum, but the Commission 
considered it highly improbable that the then rate of 
increase of the output would be long continued, owing 
to physical considerations. • 

The extent and relative positions of the great coal¬ 
fields of the United States of America are shown on 
Fig. 2, which is interesting as a comparison with British 
resources. 

Varieties of Coal. — (l) Lignite or Brown-Coal. 
DiflFers from ordinary coal in that its formation is the 
result of partially mineralised wood. Frequently, in- 
deed,»it has the appearance of charred wood, and retains 
much of its fibrous structure, but sometimes it is pitch¬ 
like, showing no vegetable structure whatever. 

Lignite i# of Tertiary age. In Britain deposits are 
found in the Lower Miocene formation at Bovey Tracey 
in Devonshire, the lignite being associated with beds of 
sand and clay, surrounded by the granite and other rocks 
of Dartmoor, and fornfing a plain ten miles loi^ by two 
and a half broad. Tlie^ vegetable matter from*which 
these lignites were made was largely derived from various 
species of sequoia, especially the Wellingtonia. The 
deposits aVe very impure, and have not been worked 
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since the year 1894, for which y^r the output amounted 
to only 334 tons. • 

Yery large quantities^ of lignite* are produced in other 
countries. More than a quarter of the coal output of the 
German Empire, or 52 million (metric) tons, is brown- 
coal. France raises three-quarters of a million (metric) 



tons, ailfl more than one-third of the total New Zealand 
coal putput (or about 600,000 metric tons per annum) 
is brown-coal, most of which is obtained in the southern 
district of Middle island, much of it being worked 


“ bpen-cagt,” as shown in Fig. 16, p. 49. 


* ThB figures given are those tor the year 1905. 
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In the Teplitz basin in Bohemia the seams ofteii 
reach a thickness of’98f feet in the Lower Miocene; 
and in the Upper Oligocene, in the same basin, there" 
are seams 3 feet in thickness. In Styria there are 
seamfe of from 50 to 100 feet thick, and in one place a ; 
seam nearly 200 feet thick in the Miocene formation. 
Austria contflbutes over 22 million (metric) tons of 
lignite per annum to her coal production. In Spain 
the lignite is entirely confined to the beds of the 
Cretaceous period. 

*The following table affords important information as 
to the value of some of the better known lignites :'— 


Table IV. — Gompodtim of Lignite, 



Percentage Composition. 


Country. 


d 


• . 


Ashes. 



U) 

0) 




1 

s 

a 

'O 

>•> 

K 

o 

1 

2 

Waste 


Tasmania . 

50-90 

4-66 

16-99 

1-08 

13-43 

4-64 

France . .• 

70-49 

5-59 

18-00 

0-93 


4-99 

V ... 

03-88 

4-58 

17-10 

1-00 


13-43 

Switzerland^ . 
Gree<;p 

70-02 

5-20 

20-60 

1-27 

... 

3-01 

61-20 

5-00 

23-50 

1-28 

... 

9-02 

Bohemia . 

73-79 

7-46 

12-79 

1-00 


496 

Germany . 

•70-12 

3-19 

7-69 

1-00 

.3-68 

15-47 

P. • * * 

Persia . • . 

60-83 

4-36 

23-50 

1-14 

9-07 

2-43 

63-65 

6-68 

26-00 

1-93 

... 

3-05 

Siberia 

47-46 

4-50 

32 09 

1-03 


14-95 


Specific 

Gravity, 


CD 

6 

a 

& 


"nie more pitch-like variety of lignite, sijch, for 
• instance, as is found iff Arkansas (U.S. A.), is fijquently 
unfit for fuel, as it softens at a low temperature. 

(2) Cannel Coal hnd Coal Gcs.—Cannel coal, when 
onoe ignited, continues to burn with a steady clear flame, 

' See’iamomw Oeolagy, by D. Page, liL.D.,_F.Q.S.,fp. 161. 
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emtting much smoke, until coneumed, and it is from 
these properties that it derives its n%me.* 

It is usually smooth, and of’a dull black colour, 
though some cannels are possessed of a lustrous appear¬ 
ance. It does not soil the fingers when handled,* and 
on being broken across the natural partings presents a 
conchoidal or shell-like fracture; in fact, it*has much the 
semblance of pitch, and though undoubtedly having a 
plant origin, as shown by the impressions of stigmaria 
sometimes present, all indications of vegetable fibrous 
structure have entirely disappeared. When scratched it 
shows a brown streak. From the manner of its occur¬ 
rence, it being found in basin-shaped formations, its 
association with shales (arenaceous and argillaceous), and 
the absence of true under-clay, cannel coal is evidently 
a “ drift ” deposit. It sometimes grades into an impure 
coal or shale, and frequently forms a distinct layer above 
or in a coal-seam, as,* for instance, in the Moss seam at 
the Homer pit of the Stafford Coal and Iron Company, 
which seam is there found at a depth of 851 yards from 
the surface, having the following section;— 


ft. Ill. 


Roof—dark bind. 



Cannel coal (inferior) 

. 1 

•(i 

Coal (good) .... 

. 0 

6 

Cannel (inferior) 

.* . 0 

6 

Coal(good) . . . . 

. 6 

4 

Floor—fireclay. 

• 



The cannel in the above seam, though inferior as a 
house coal, is suitable for generating gas. , 

' In LaSbashire this coal was actually used bj the poor in the seventeenth cen¬ 
tury as a si^titute for candles. “ This neighbourhood (i.e. Haigh near Wigan) 
abound^ith that fine species of coal called cannal or candle. It is curious and 
»aluabl«, and besides yielding a clear flam* when burnt, and therefore used by 
the poor as candles, is wroeghtainlo candlesticks, plates, boxes, ftc., and takes 
a fine polish like marble ” (Camden’s Britannia, Qough’s ed., vol. iii. p. 390), It 
is also called ‘jParrot ” coal in Scotland because of the oraokling noise it makes 
whembnrnlng. ’ 
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A sample of NewbSttle (Scotch) caiinel coal is thus 
described by Mr. G..R. Hislop, F.C.S.,* &c.: “The coal 
inclines to brownish-?»Iack, possesses considerable lustre, 
and yellowish-brown streak; fracture generally inclines 
to slaty, but in part irregular to curly, with impressions 
of stigmaria; cross fracture inclines to conchoidal, but 
partly angulaf to curly, with deposits of ferric bi-sulphide 
and calcium carbonate in the natural partings. Very 
cohesive and compact; on the fire it partly and very 
slightly intumesces but does not agglomerate; colour of 
ash, brownish-white; thickness of seam, 8 inches; mean 
specific gravity, ri75; weight of a cubic foot, 73’43 lbs.” 

P«r Cent. 

Volatile inattera (containing 0’5C of suljiliur) . . 50'23 

Coke, consisting of— 

Carbon. ii’Od 

Sulplmr .... 024 

Asli.4as 

, - 48-63 

Moisture.1-14 

100-00 

The relative yields of gas per ton of coal for some 
typical cann^ls ijre given below. 


Ta^le \—Yield of Gasper Ton of Vanned Coal at, 600° F. and 
* 30-tn. liar. 


CouDtiy. 

- -- - , 

« Same ol Coal. ! 

. 

Yield of Gas per 
Toil of Goal in 
Cubic Feet. 

Illurainstfiig 
Power of the 
Gas in Standard 
Candlea. 

Kemarka. 


F'ewbattle cannel 
coal ; 

[ 13,720 

35‘24 

• 

Vei*y rich 

Scotland . 

Anclilochau ,Le3-, 
mahagow six feet' 
cannel coal ‘ 

■ 12,716 

32’43 

• 

»Rich 

« 

. Lancasbirc J 

Collins greea ; 

cannel , 

[ 13,440 

35*78 

Ver^rich 

1 

Colbome gas coal | 

1 

12,620 

20*42 



* Andysa o/kn'tuA CoeU and Coh, by A. Greenwell and J. V. Elsden, p. 867. 
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Coal G'as.—Cannel coal is i!%d entirely for the 
generation of gas, and, on account>f the high illumi¬ 
nating power of the gas distilled from it, cannel 
18 frequently mixed with poorer coals. The value of 
cannel gas as an illuminant, as compared with that 
produced from other coals, is due to the higher per¬ 
centage it contains of heavy hydrocarbons. In ordi- 
nary gas the diluting and non-luminous burning gases 
are hydrogen, carbonic oxide, sulphuretted hydrogen, 
and the vapour of carbon disulphide, and in the puri¬ 
fying processes the object is to withdraw these gases 
1 he comparative merits of cannel and ordinary gas coal 
tor illuminating purposes are shown in Table VI. (see 
oir H, Roscoe’s “ Elementary Chemistry ”). 

Table VI._^ CompandiK Statement ae to Valve of Cannel ami 
Ordinary Coal Gan. 


fomiHMlticm in 100 Volume,. 


Cannel gas 
Coal gas . 


Illumiiiat- 1 
! ing Power ' 

' in Candles ' 

„ , Uydivigen 

Cubic Fcet.i (If), 

i i 

: 1 

' Marsh 
(las 
(OH,). 

1 

j Heavy 
Hydr»>. 

1 carbons 
(Oil,). 

1 

1 Egiml to 
Iiellant 
Uas 

Carbonic 

Oxide 

(<’0). 

• 1 

Nitrogen, 
<>xygen, 
aim Car- 
Imnie Acid 
(0, N, and 
CO,). 

;t4-4 25-82 j 

51-20 

13-06 

(22-08) 

7-85 • 

2%7 

13-0 47-60 i 

41-43 

3-05 

(6-J7) 

7-82 

• 


Bituminous Coal: Its Formation, Structure 

“°de of origin of so-called 
^ituminoq^ or common coal as it occurs in our coalfields 

coal measures comprise alteratioqs of sandstones, shales 

thfiner“RTv;i!*'° “ predominating 

hckness. Both the sandstones and shales appear to have 

been depted in, comparatively speaking, sSlfdw water. 
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atid during a slow, anS probably intermittent, depression 
of the surface, these ^reas of shallow water being fed ^ 
rivers (as. is exemplified in the case of the Mississippi), 
bringing down continuous supplies of sediment, mud, and 
sand; and just as we see at the present day in the deltas 
t)f great rivers in warm climates, this area was occasionally 
covered with vast forests, though the growth was of a very 
difiPerent kind, consisting of gigantic club mosses. And, 
like the deltas alluded to, these great tracts were occasion¬ 
ally—long periods intervening—submerged beneath the 
fresh or salt water by the land sinking a few feet. 



Fig. Z.—Stigmaria Jmidet. (One-fourth natural size.) 

(Nicholson’s Manual of Pidtxontology. W. Blackwood & Son.) 

Immediately underlying nearly every coal-seam in the 
United Kingdom is a bed of arenaceous shale, termed,an 
underclay, varying from a few inches to several feet thick.' 
It is these beds which, in their purer state, are frequently 
mined for fireclay. Mr. J. Beete Jukes,* in describing 
the fireclay in Staffordshire, defines these fireclays generally 
as<“ a clay having a certain proportion of silica in its corn:, 
position, and therefore capable of making firebricks. It 
is generally unctuous to the touch as soon aa it is- got, 
which the other argillaceous beds rarely are. It is com- 

> Some of the fireclays are over 10 feet Wck, notaWy in South Wales and 
S^uth Staffordshire. ' 

» On (ko<&tdoijy of the South Slaffordthirt Coalfield, by J. Beete JukM, MX, 
F.C.S., ko.; SeoonU ^ the Sdwol of Afina, vol. i, part ii. p. 162. 
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njoniy a brownish-grey, sometimes nearly black, but 



sometimes 

dependent 


umn largely 

upon the, proportion of carhnn»^on„o 
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present. Sometimesf though rarely, the underclay has 
become greatly silicified and very hard; it is then known 




Fia. 4.—(2) Root or xtvjimria of 
fosBil tree. 


Kio. 4.—(S) Face of fla^itened 
{)art at top (a a to 6 6). 


by the term “ ganister.” * The uqderclays constituted the 
ancient soils in which the cryptogamic forests grew, and 



Kiq. 6. —^Fr^oient of Stgillaria Gncteri. The left-band figure 8ho\lfe a small 
portion enlarged. 

{Nicholson’s Mami^ of Paimmtolofjg. W. Blackwood &4Bon.) 


witness to the terrestrial nature of fonnation of cthe coal, 
and in them are found remabis of stigmaria (Fig. 3), 
which are the roots of the cryptogamic plants, while in 

^ Largely used to line “converters” in steel manufacture* owit^ its very 
refractory character. 











ai 
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the overlying shales or roof of tli^ seams are found the 
trunks, or sigillarim (see Fig. 5 ), but no stigmarim. In 
Fig. 4 IS shown a fossil stem of such a “tree” found 
above the High Main seam at Killingworth Colliery in 
Northumberland, at a depth of 288 feet from the surlface, 
sketched by the late Mr. Nicholas AVood,- the length of 

the fossil being about 11 | feet. 

In the overlying roofs of coal-seams, when they are 
formed of shale, which is commonly the case, remains of 



Fio. G.'—}'ecopteri$ flUptica. 
(Nat. size.) Frostburg. 
(Sir C. Lyell’s Elements of 
Geology. J. Murray.) 



Iiu. 1 ’-^Cavloptiiris primara. 
(Sir C. Lyell's Elements of 
Geology. J. Mur^^iy.) , 


• 

ferns (Figs. 7 and 8) and flattened trdnks of trees are 
very frequent, but never stigmarim, all oli which point 
to the one conclusion-that the underclays constituted 
^ the nmrshy ground, in which grew the forests of crypto¬ 
gams. ^Other fossils characteristic of the true ebaP 
measures^are shown in Figs. 9, 1®, and 11. 

'•A extraordinary purity of some coals is con- 

siderea, the percentage of ash m many instances being 
* Nat. HUt. Soa. of Northumberh,.i ami Durham vol i d 208 
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^low 2 per cent., it,fs difficult to realise that it owes 
its origin to vegetable matter growing in swamps, as 
occasional inundations, one would suppose, would cany 
infiltrating mud into the swamps. The late Sir Charles 
Lyell' accounted for this by instancing the case of the 
Mississippi, and what is now taking place in deltas. 

I he dense growth of seeds and herbage which encom¬ 
passes the margins of forest-covered swamps in the valley 
and delta of the Mississippi is such that fluviatile waters. 



Fl«. 8.—(MoHlo/4rm ikhlothtimiu 
(NKholTOii'i. Mmual of Pal^rmtUloyy. W. Blackwood 4 Son.) 

in pas.sing through them, are filtered and made to clear 
themselves entirely before they reach the areas in which 
vegetoble matter may accumulate for centuries, forming 
coal if the climate be favourable. There is no possibility 
of the least intermixture of earthy matter in sjjch cases. 
Thus, in the large oabmerged tract called the ‘Sunk 
Country,’ near New Madrid, forming part of tL western 
side of the Mississippi, erkt trees .have been standing ever 
since tlie year 1811-12, killed by the great earthquake of 

> SlAmU Onion, sir Ch»rl«« Lydl, B»rt, F.H.8.! p. 893. . 















COAL:. VARIETIES, COMPOSITION, OCCTIRRENCE SS 

that date; lacuatriue and swamp pilots have been growing 
there in the shallows, and several riv^ have annually in¬ 
undated the whole space, and yet have lieen unable to carry 



(Nk^Uou's ManufU of Palmmtdttgy. W. Blackwood & Son.) 

in any ^diment within the outer boundaries of the morass, 
so dense is the marginal belt of reeds and brushwood.” 
Bituminous coal is, then, chiefly derived ftOm sigilla- 










Kio. \0.~Lrpi<Iwien<lmi rtcmUryii. Coal measures, near Newcastle. 
u, Branching trunk, 4*.) feet ; h, Stem with bark and leaflets; 
c, Portion of same, natural size, nearer the root. 

(Sir C. Lytil’s EUmeiUa of Quiftyy. J. Murray.) * 

that it is in great measure composed of the spores of 
these plants, termed macrospores* and microspores.' 



Kkj. W.—AHenphyliite* fotiii»u». 

(Nicholson's Manual of PalamUotoyy. W. Blackwood & ^n.) 

i 

Varieties of Bituminous Coal.— Undei^tlys head¬ 
ing may be included all those coals occupying a place 
between lignite at the one extreme, and anthracite at the 

* The lat|k Professor Hnxley, for instance, “Critiques and ikddresses/* 
Onttmporary Arvirw. 1870, p. 92. * 
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other. Percy subdivided bituminous coals—he preferred 
the term “flaming” to bituminous*^for economic pur¬ 
poses into—(1) Non-caking or fire-burning, being rich in 
oxygen; (2) caking; (3) non-caking, being rich in Carlson. 

A broad commercial classification would be—(1) Gas; 
(2) coking; (3) house; (4) manufacturing or^iron smelt¬ 
ing; and (5) steam coal—all of which grade one into 
the other, so that a coal occupying an intermediate place, 
say, for instance, between house and gas, would be termed 
a second-class gas coal, and would bo sold either for gas¬ 
making or as a domestic fuel. The author has drawn up 
a series of tables .showing analyses of high-class coals 
typical of each class, which eon be used for purposes of • 
comparison. 

(ins Coal .—This subject has already been treated 
under the heading ‘‘Oaiinel Coal” (see p. 14). A good 
gas coal should yield a])Out 10,50(1 cubic feet of gas (at 
60° F. and 30-in. bar), with an illuminating power ecjual 
to .si.\teeii standard candles. The sulphur contents of the 
coal should be below 1 per cent., as, o!i distillation, it is 
emitted in combination with hy<lrogen as sulphuretted 
hydrogen, which is not only an evil-smelling and poi.sonous 
gas, but acts as an adulterant to tlie illuminalifTg gftges. 
Many gas coals are also sold as house coais. 


TABt.E VII .—ilus t'mih. 


• 

Name of Coal. 

• 

lUitrka. 

I'cnt-ntHKo roniprisition. 

> V X « *• ^ 

'SS 5c? M n z 

ii t < 1 

- or. •! 9 

i . 

« V 

g- 

£ 

i.5 . 

3 s? 

HI 

ill 

• ♦ 

North Bitc^bum 

• 

Ihitbam 

fi2-32j3l‘32 

. I. 

041^4 35 l-OO 

fir 

10,sou 

ISIO 

Auchlocban ^ 
HU'Peel \ 

LAnarkxhire 

.i 

4U'll6i3714 

0*34 4-20 

67 

iO.riWi 

3218 

Hpliut ) 

JiitcbcA] Maia . 

Yorkshire. 

64’3() 2»Ti3 

158 4 5 1117 

67 

ii*5oo 

IS'IU 
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(2) CoUng Cbcti*is black and shiny, and usually 
friable; on heating,, the coal swells up or intumesc^. 
It burns with a short flame. If used for household pur- 
poTOs, the fire requires more attention in respect of poking 
and breaking up than an ordinary house-fire coal. 

The cause of the caking or coking quality is not fully 
understood. Two coals may possess the same ultimate* 
analysis, and the one be of a good coking quality and 
the other not. 

, As coke is used mostly for metallurgical purposes, 
the coal from which it is made should be low in sulphur 
and phosphorus,* as these elements are injurious to the 
, metals; and low in respect to ash contents also, as the 
ash not only limits the heating value of the coal, but 
increases the amount of slag produced. • 

The purest coke known is Ramsay’s Garefield (Dur¬ 
ham) ;— 

Per Cent. 

Carbon.97 •6 

Sulpliur. O-fili 

Aflli.IT).', 

(3) //fqtse Coal. —It is difficult to exactly define a 
house-fire coal, as nearly all coals are used for domestic 
pujposeS; and many which are sold as gas and steam 
coals are also sold as “house-fire” fuel. The finest house 
coal ever put on the market was, probably, that obtained 
from the Iligh Main seam at the Wallsend Colliery pn 
the banks of the Tyne. 

• 

VThe expression analysis’* is nsed to signify a more detailed 

and complete determination of the elements making up the coal tj^an a ^xl- 
mate analysis/* which givestmerely the pereentage of fixed carbon, volatfle 
hydrocarbons, sulphar, ash, and moisture, r.y. Table Ylll. c^zAains rosiUta of 
some '* proximate analyses,” whereas the first part of Table XI. give# ” oltimate 
analyses*’ of steam ooais. * * 

* Although in the basio process of steel manufacture, so far as the phospb(m» 
k oonoerned, this U not of so muoh importance; in fact, where the basic slag it 
profitably solfi as mamire, It may be a positive advantage thafr the coke sboold 
( bt high in phosphonit contents. * 




ODAU yAKEETIES, COMPOSmON, OCCURRENCE *7 

Txbus VIII —Coking Otiah. 




• 

PerceoUge CunjKwtikm. 

Colliery/’ 

Diitrict 

Fixed 

Carbon. 

Volatile 

Hydro¬ 

carbon*. 

Salphur. 

1 

Brancepetfa 

Durham 

07-31 

26-61; 0-7S 

5-10 

West Stanley 

' 

” 

69-84 

24-73 i l)-63 

3-HO , 

i 


^ I?, 

r 


IS' 


1^117a « i oos 


The following analysis of coal from the Hetton Coal 
Company’s collieries in the county of Durham may well 
serve as a standard for comparison:— 


Carbon . 

Pit CViit. 

. TT-O? 

Oiygen . 

. IPWi 

Hydrogen. 

. 4'04 

Nitrogen. 

1-04 

Bulpbiir ..... 

. I’Sa 

Ash. 

. 2-44 

Water . . » . . 

. 2*28 

Coice. 

. ri:r2D 

Volatile mattci-s 

. 34-80 


What are the requirements in a house-fire coal ? It 
should 1)0 capable of producing a good bright fire— 
not too fierce, as would be the case with an iron- 
smelting, and, still more, with a steam coal, hence the 
fixed carbon contents should be below those of a steam 
coal. A coking coal does not, for reasqps already 
stated, make a good house coal, and a coal high in 
sulphar,is also undesirable. The ash produced in burn¬ 
ing the coal should be small in quantity, grey afld 
oindery, aS compared with the sofu white powdery ash 
characte^istlb of a good steam coal. In Table IX. are 
given the proximate analyses df several well-known 
house-fire coals. 

‘ Tti$se perceoteget were obtained in Uboratoiy experiments, is donbt* 
lol wbetifanr more than 68 to 70 per cent wonld be secured in lustoal numo&ctare. 
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I 

T^ble IX .—Hotm Coal. 


\ Colliery. 

1 « 

1 •• 

District. 

: 1 

1 Fixed ! 
: Carlwn. 

Volatile 

Hydro¬ 

carbons. 

Sulphur. 

Ash. 

i 

1 Mois* 

1 ture. 

i 



I’cr I 

Per 

Per 

Per 

Per 

1 


! Cent. 

Cent. 

Cent. 

Cent. 

Cent. 

I^iiiiblon 

Durham 

! 69-40 1 

33-31 

1-6C 

4-23 

1-60 

' (Trobbic Nut.J) 

1 


1 



t 1 

i Great Western ' 
1 (No. 3 Kliuntida) 1 

Glamorgan¬ 

shire 

} 72-19 

24-58 

(0-74') 

WA 

1-69 

‘ ('annoek anti ! 

Stafford¬ 

i 

33-iVJ j 

l-0« 



» Kugoley | 

shire 


3-01 

14-10 


(4) Mnnufactuvinff or Iron-Smelting CoaU —Should 
l>e low a.s to sulphur and ash contents and high in fixed 
carbon, though in the latter respect below that of a first- 
class steam coal, unless the fuel is to be used unde;" forced 
druuglit (iron smelting, for instance), in which case it 
would pay to purchase coke in preference to a smokeless 
steam coal or anthracite. 

(5) Steam Coal. —The items of most importance in » 
steam coal are the heating power, the nature of the ash, 
and the amount of sulphur present. The heating jK)wer 
is very largely <lepcndcnt on the earlwn contents, but 
thffl'e should be suflicient volatile hydroc.arbons present 
to allow of ea^ ignition and consumption of the fixed 
carbon. If the moisture is high a considerable quantity 
of heat is tendered non-effective, in that it is exjjended 
in evaporation. Sulphur acts detrimentally in eating 
away the firc-boxes; and ash, as it is an incomt)ustib]e, 
reduces the value of a coal. The coal, op burning, 
should not form clinker, but leave a light soft^ash, usually 
white, which protects |,hc fire-bars from the heat of the 
fire without clogging or sticking to them. 

* (/OiitaintMl ill the nsh ami voiutile matter. 

• WiUi 4lie cxo4>ption of some Scotch luroaces, aimI a foArvin North Stafford- 
•hire, litUCf if Any, iron sineltiiig ii now done by coal. 
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The chief constituents of the as^ of coals are silica, 
alumina, oxide and bi-sulphide of iren. Sexton gives 
the following as examples of the composition of ash 
from coals:— 


Table X.' —Coniiimitioii n/ the Ash in Coni. 


I 


1. 

2. 

3. 

4. 

i 

, Amount of Rsh 

( 



(i-!M 

2*!n 

I-1-72 

Kilica . . . . 


■10 

28-S7 

31 21 

53-00 

Alumiim ) 

' Oxide of inm ( 


4^-78 


rtum ’ 

35-01 

lAme . . . . 


12-00 

.'ilO 

CIO 

3-OC 

• . . . 


trace 

ll!i 

O'CC 

2'2(> 

, Sulpliui ic acid (SO.,) 

• 


7-23 

-1-12 : 

4-80 

• PhtKipliorie acid (P-PJ . 

• 


o-7r» 

0-74 

u o:} : 

0'H8 


• 

oy:.-! 


07-S2 1 

0902 


• The lime and magnesia have a fluxing influence, ami a 
high jicreentage of oxide of iron - may cause the ash to 
fuse into clinker, but the fusibility of an ash depends 
rather on the relative proportion of the several con¬ 
stituents than the presence of any one in excess. 

Anthracite may be defined as mctainorphosed liftu- 
minous coal, or coal from which nearly* all the volatile 
matter has been expelled by heat, due either to pre.ssure 
or the proximity of trap rock. Anthracite is glossy 
black, .and when handled scarcely soils the fingers. It 
*is hard, compact, and difficult to ignite, burning 
without ^ame or smoke, and giving out great heat. 
Its usuB are chiefiy for malting, where a steady heat 
is reqflired, for hot-hquse sto^’es, iron smelting, and, 

' Putl anrf R€jracU>ry MaUrialt, by A. H. Sexton, F.C.8., Iftt ed., 

P«- . • 

* Tne iron cxintSj of couree, in tbe coal as iron pyrites, t.«. sutpbidc of iron. 
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Table Xi.—Compmtim of Steam Code. 


[ A^n*iK«i-iMa KHioKoioM Jthomida 
nWfirii oofti, (Jreat Valley 

Wwlorn Oolliory. OlAmorg«n- 
1 ,, «hire. 

. (Iwmamman anioke- Aberdare, 

^ low atouin (kmI. OlainorgaD* 
if... . Khire. 

I HMtmK. Ilftiile; Seiiton 

Mum ttonm ciiul, Deluval, 

' Keatiiii Dolftval Col- Nortbiimlior- 



lltimiUe Aaslysts. 


t 

X 

» 

! ^ 

. 

1 

s 

1 

i 

- -- 


- - 


_ _ 

4-04 ! 3 (i2 i 

0-88' 

0-70 

sm 

1 

3*95 lf)6 

f 

01» 

0-52 

1-97 

6 06 i 10 76 ‘ 

! i 

i 1 

102 

0'76 

2S1 


iiungaHon atni^kolem Kbon.ldn 
•loom €»«l, ^Irout ! Vallov 
Wwiorn Oolliory. | (iluroorii'm- 

CwrAratnaH anioka- j AbSro, 
n* atoam oi«l. I oiumornaii. 

JlMUntji Harvey '* Sm";, 
Main atoain oool, I Delavul 
Hoaton HelayakCol- NortbuiSfr. 



IbvKiiiiote Analyali. 

j Value. | 

a 

1 

s 

e 


1 

! d 


Ss 

!l 

1 ® 

ad 

! S 

1 

% 

Calories. 

21 

ax-3 

t»r>^ 1 

i 

feS® 


s* 


S 


2 : 1 






fe* 1 


-- 

— ■ 


-' 

_ _‘ 

1-24 

1863 

.3 04 

7710 

7765 

14-44 1 

070 

U-7« 

1-9! 

86-67 

... j 

i 

13-93 j 


3417 


ooke 

1 




06-83 

7709 j 

1 

14-35 


---f-v. - OUIHO ,nio great request for the geaera-. 
ton of prod.ce, g,,. 1 . Amerie., .ke„ tte ontpu, 
reaches the enormous figure of 69,339,152 > 4ong tons 
88 against 3,171,346 long tons in the United Kingdom’ 
anthracite is very largely used is a house fuel in^some 
of the great towns to the exclusion of all other kinds 

* !ntesc figures ue for the year 1906. 


MoUtore. 
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of coal, hence the beautifully deaf atmosphere of New 
York, Boston, and Chicago. , 

In the following table the comp’osition of a variety 
of anthracites is given. The best are those from South 
Wales, which produces the finest anthracite in the world. 
The calorific power of good anthracite is very great; 
taking the Garnaut Peacock vein coal (Carntarthen), for 
instance, it is 8G24 calories, equivalent to 16 06 lbs. of 
water evaporated from and at 100° C. per pound of coal 
burned. 

Table Xll.—AidUrwitf. 




1 Proximate Analysts. 


rititnate Aiiatysis. 


i 

; N»me of ('»lli«ry. 

District. 

: ^ 

£ *•* 


*o S 

s 


■o . } 

SB 

(Be 9 


• 

! 


i 1 

2 

% 

■s£ 

4 

< 

ll 

f 

■f 

a 

II: f 
1^: ° 

JS 

! 


Per 

Per 

Per 

Per 

Per 

Per 

Per i Per 

Per 



Cent. 

Cent. 

Cent. 

Cent. 

(.'('lit. 

Cent. 

(?entl (Vnt. 

Cent. 

' Stiinllyd Vein. ) 

, Hlaina j 

1 • 

Carmarthen j ... 

) 

5 09 

Mfi 

9370 

92-58 

3-01 

1-9oI«75 

1 

1-16 

fl 

j I’ontyberom, ) 
“Big Vein'' i 

1 

Ponn- 

i 

;o *82 

j-ia-T) 

4 00 

0-84 

94-38 



1 J 
i 


1 

sylraiiiH, 

U.S.A. 

.3110 

([■.•Kt 

89-74 



■ '585 


, Zululand ) 

Hlftbisrt. 

( 2’00 

5-50 

875 

83-75 



i 

... ^ . 

» ' 

Colliery i j 

Zululnnd 

t 2-00 

6-37 

10-10 

81-47 

i 


... -iio 

• 


* The seam from which this coal is gob is ft. 10 in. ^bick, of which 
36 ft. 11 in. is coal, and U ft. 11 in. bands of stone. 





CHAPTER II 


J)]in'EKMINATION OF THE VALUE OF FUELS 

Determination of the Value of Coal.— The 

(leterminntion of the ultimate analysis of coal is an 
important and somewhat lengthy process, necessitating 
great accuracy and a considerable knowledge of prac¬ 
tical chemistry. The proximate analysis of fuels and 
the determination of their heat value can, however, be 
undertaken without any very difficult or advancecj train¬ 
ing in chemical practice, and provides the experimenter 
with much very necessary information, enabling him to 
determine with considerable accuracy the nature and 
value of the coal. 

Proximate Analysis of Coal.— The sample, after 
being well mixed and (juartered down, is ground in a 
poreelain mortar. 'J'he moisture, volatile hydrocarbons, 
and ask arc determined, and the fixed carbon taken by 
ditfcrencc. 

d/wWn/'c.- lO grammes of the finely ground coal in 
a fiat iwrcelain basin are heated in a water-bath until 
the weight is constant. 

IjOSS in weight x 10 = pcritcutage of moisture.* 

Volatile HydrocarhotiK. —5 grammes of, coal are 
placed in a special 'platinum crucible (see ^g. 12), the 
space above the inner ^ lid being filled with charcoal in 
small pieces and an upper lid ^ut on. The crucible is 
then heated gently over a Bunsen burner flame, and 
afterwartls over a blow-pipe (Fletcher’s Bunsen, blow- 
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pipe is the one generally used), urfbil the flame from the 
crucible quite ceases. The crucible js then cooled, the 
upper lid with the charcoal removed, 
and the crucible and contents weighed. 

Loss in weight x 20 = percentage 
of volatile matter, and deducting from 
this the percentage of moisture, the 
percentage of volatile hydrocnrlKui.s is 
obtained. 

Ash .—The coke from the nlwvc ex¬ 
periment is then ground ver)’ fine in a [mrcelain mortar, 
and 1 gramme placed iti a porcelain crucible (li| inches 
diameter) and heated over a Butusen burner or in a 
muffle furnace until all the carbon is burned off; the 
crucib^p and contents are weighed, and the percicntage 
of ash in the coal calculated therefrom. 

Example:— 

• Moistiiif, 10 gritmnics, 30*70—-20 

■20x10 

Volalile iiiatter, U giiiiiiiiie'*, 43'I>78 - 4r537 - 1*021 

1*«2I X 20 “32 -12 

.«7-ri« 

KK)-00 •• • 

V'olatile hv(l^M■al■loIW .... 3212-i'OO >w30'42 

Aoli, 1 grioiiiiii*; idkt* . lO'701 - 10'(»74 —‘120 • 

•I20x I2|*eri:(;nt 
aali in €t)ke. • 

OW : 67'58 :: 12 : 8 U l»er cent, ash iiicotjl * B Il 

Fixed carbon by difference.60'47 

10»f)Q 

Suljthu^. —As the sulphur exists* in the fuel {wrtly in 
organic combination, and in part^as iron pyrites, and in 
some caks (especially where the coal has been subjected 
to the action of moisture) as sulphate, the percentage 
should be stated as a separate and additional itdto. 
voi- I. c 


I'er 

(Vnt. 

= 2-00 



Kill. 12. 
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\ ^tamme of coal and 1'5 gnmm§ of slaked lime 
wcijlied into, a platinum or porcelain crucible, 
mixetl, *and moistened sJightlj with dis¬ 
tilled water, then heated in a muffle furnace, or over a 
Bunsen dame, at a red heat until the carbon is entirely 
burned off, the contents emptied’ into a beaker con¬ 
taining hot* water, and excess of hydrochloric acid (say, 

5 cubic centimetres) added, boiled, settled, and filtered. 
The filtrate is Iwiled again, and then an excess of barium 
chloride solution added, the precipitate allowed tf) settle 
in a warm place, the filtrate decanted through a filter, 
and the precipitate on the filter washed with hot water 
until the washings give no precipitate on the addition 
of a drop of dilute sulphuric acid, even after standing 
five minutes. The preci{)itate and filter paper aje then 
dried in the water-bath, and ignited when dry in a 
porcelain or platinum crucible, and the precipitate’ 
weighed. * 

Weight of precipitate x 13’7 34 = percentage of sulphur* 
in the coal. 

Iron .—Occasionally it is necessary, though not often, 
to determine this in view of the nature of the ash. The. 
ash^ fr«n 2 gnus, of coke produced in the determination 
of'the volatile matter is boiled in water with slight excess 
of hydrochloric acid, filtered, and the filtrate nearly 

* The prpci^tMte is ttarium sulphato {B&SO4). Tbe reason for t^e various 
stages in the proofsstit the sulphur determination are obvious from the reactions, 
irUiob arc os follows : — 

2Cft01ljO+S+ Hj 0 ^CsS 04. with slaked lime and wat8r, 

('aS 04 4 2HC1 CaCl* + ri^ 04 , 
n^4 f-BuCI^=BaS<)4+2HCl. 

* it will bo nocctuuu^' not> to ignite tho ash too strongly or t^e dissolutiOD of 
Ute peroxide of iron will beoome very difficult, Very little wateg should be 
nseil with tho hydrochloric acid *say not more titan an equal volumes and it will 
Moutetluies be necessiu-y to allow the acid sofhtiou an hour or two to gH aH the 
ir<»} dissolvud, keeping It warm all ibo time on a ttand or water bath. Wbra 
the sdutloq.is oomi^cte, more hoi water may be added and filtmtlon Iw prrh 
needed with. 
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Beotmlued with caustic soda aolution. About 10 e.Ot 
; of potassium iodide solution (of a atmngth of 20 grms. 
per litre) is added, the contents transferred to a stop¬ 
pered flask, which is then closed, and heatetl to beU’een 
120-140“ F. in the water-bath for about twenty minutes; 
and after the addition of a little starch liquor, titrated 
with standard hyposulphate of stnla solution (fleciuormal). 
The percentage of iron is then calculated, thus— 

Cwliic (‘entiiiietre-s of Botulioii reijuiivil x 1K)5 x 50 x *^'**^’ **j,^”^* *** 

= |>er tent. iron in aial; or— • 

Cubic 4‘entiii)etn‘K Muhition cenl.of coke in «‘oal-|K.*r 

cvnt, of iron in coal. 

The cost of a complete outfit of apparatus, reagents, Ac., 
for carrying out promixate analyses as described alwvo, is 
alfont .£‘20. 

Determination of Specific Gravity of Coal.— 

For this purpose the b^'dro.static ladanee is moat com¬ 
monly used, and it .should, for very accurate determina- 
•tion, be capable of weighing up to one-hundredth of a 
grain. The arrangement is shown in Fig. 13. A is a 



connterppjse which balances the pan B. The weight of 
the piecd of fine thread V which holds the substance E, 
the specific gravity of which is to Ije found, is counter¬ 
balance by placing a piece of ecjual length in the pan B. 
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D is a baker contaiping water at a temperature of 60“ P. 
Then— 

If the weight of the substance in air=W 
anil „ „ in water=W' 

V-W'^weight of water displaced, and the specific gravity 

Thus the ^tecific gravity of Newcastle coal is usually 
taken as 1‘27, that is to say, it is r27 times heavier 
than water. The specific gravity of several varieties of 
coal are given, together with analyses, in Table XIII. 

• Calculating Tonnage by Means of the Specific 
Gravity.— Supitosing it is desired to estimate with much 
accuracy the quantity of coal contained in a given area, 
proceed thus— 

Aii-a of tr.u'l., KKKI acren. Section <*1’ wain, 3 ft. in. ^ 

'IVn 1 ft<Te - ‘13,WH) .Hfjnaiv feet and 43,5(10 x 3 s'» = 152,46(> cu!>ic feet, and 
ir»a,4(Kt X Va7 X (W’3ri - 1 :J,0H2,4«H'87. 

ia,(»82,4<5K*87 . 

i’240 ' tmiH per aci-e. 

fi34li-31 tons. 

In cstiinating coal resources it is usual to allow 1510 
tons per ai'.rc per foot section of seam, but from this has 
to be deducted the loss occasioned by faults, nip-outs, 
amt in ^'orking. 

Determination of “ Calorific Power ” and “ Cal¬ 
orific Intensity” of Fuels,—Units and Terms, 

There are several units in use to express the heat value 
of fuels: (a) The British thermal unit (6.T.U.), or the 
amount of heat required to raise 1 lb. of water 1° F„ 
i.e. from 60° to 61° F., which is the unit most com¬ 
monly used in the United Kingdom; (5) tlw unit used 
in scientific work, or tke heat retjuired to raise l^gramme 
of water through 1° U., i.e. frofn 0° C. to 1° U.; (c) or, 
Bometiings, 1 kilogramme of water through 1“ C., termed 
the Calorie, which is used in Continental practice; and (d) 
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the Centigrade unit j(6.G.), or 1 lb. of water rmsed 1* C. 

Theae units can be transformed thus— 

• 

(1) To conmt a quantity a( heat in C.G.a. into the curre- 

^ apondinj! value in B.T.tT.K..x 1-8 

(2) To convert B.T.lT.a. into C.(3.fi..xO'^. 

(3) To poiivort n quantity of lieat given in kiloa into 

B.T.t).a. . . '.X3-968 

(4) To convert B.T.U.a. into Calories.x 0-262 

By calorific power is meant the absolute thermal 
elfect produced in burning, which is metisured by the 
tfmount of water (pounds, grammes, or kilos) which can 
be raised through 1° (Fahrenheit or Centigrade, as the 
case may be) by the combustion of I lb., gramme, or kilo 
of the substance, or, in other words, the number of units 
of heat produced in burning the substance in oxygen or 
air. ' 

The calorific intenxily is the pyromctrical heating 
effect manif(«t by the products ofi combustion. 

Determination of Calorific Power of Coal.—, 
1. From Analysis. —^"I'lie elements in coal that generate 
heat when burned are carbon and hydrogen. 

When ccarlKm is burned to form carbon di-oxide 
(00.), there is a heat expenditure equivalent to 123,048 
B.?;U.s.; as, however, twelve parts of carbon are neces¬ 
sary in the ren»tion — the combining weight of carbon 
being 12—the calorific power of carbon' (to CC.) = 
145,448 B.T.U.S. 

When hydrogen is burnt to form water, the thermal 
value of the reaction 2H-f0=H,0 is 12,304 RT.U.s.; 
but as this is due the combustion of two* parts by 
weight of hydrogen, the calorific power will b#61^524. 

Taking C, H, 0, S to represent the percertage of 

I Wben ewboD it batn( to form osrboo moDOiido, tba tberm^ vahio It 
dlflno&t; buj) u tU> wonld ropromt a tteto of tncomidoto combotUon, tbo 
Mt^oot iM«f Dot bo taither diioattod hero. 
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carbon, hydrogen, oxy^n, and sulfihur contained in the 
coal, and CP to stand for calorific j)ow,pr_ 

(Oxl4544)+(Hx 61521) 

Then CP= -- ■'inll.T.U.e.; 

or, since the CP of H is 4'265 timfes that of C, 

CP=(C + 4'26f.M)I4f.44 
100 

Oxygen renders useless one-cighth of its own weight 
(cxunbining with the H to form water, - 8 of 0 to J of II}, 
so the hydrogen which is available for combustion will 
be II -1(). Hence the formula can be stated thus - 

Cl>=(*' s >4544) + (H - JO)fil524 , 

100 ■ 

or thus— 

l45t4('c! + 4-265(' 

pi. ^ \ S 

• no 


for example, taking coal of the following analysis :_ 


(!;arlM)n 

Per Ofiit, 

.y-fiR 

Hydioj*eii. 

.0-15 

Niti'%»eii . 

. m 

.. 

OxyKtn . 

Sulphur . 

• ' • • ... 1*99 

Ash . ^ 

.. 

• 

lOlKKl 


^ Sulphur. 

l4r>44j77'58+4-2e5^615-^*‘’^ j+ 11i«»x3^-14,458 H.T.1J.^ 

. 100 ■ . 

-14,458 B.T.U*«. 

Emporative Poioew—This is sometimes tialculated 
thus: As the latent heat of vaporisation is 967, t.e. 967 
umtft of heat are required to convert 1 Ib. oil* water at 
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212° F. into vapour^ of a temperature of 212* F. The 
ei'oporative power pf carbon 


mu 


14-9 


that is, 14’9 lbs. of water would be evaporated by the 
combustion pf 1 lb, of carbon. 

In the case of hydrogen, each pound of hydrogen 
forms 9 lbs. of water, which, of course, must be evapor¬ 
ated, and as the products of combustion (by the nature 
of the conditions) will remain in the gaseous condition, 
the latent heat of steam must be taken into account, and 

Kr of liydrogcn=”li^-fl=r>4. 

However, the evaporative power of coals is usually 
determined directly from experiment. 

2. By hArperinmU .—The heat-giving value of coals is 
usually determined by means of a Thompson's calorimeter, 
but the use of a Roseuhain apparatus is advisable as 
being more accurate. The modes of experimenting are 
as follows:— 

1. Thompson’s Calorimeter. —^Thompson’s pro¬ 
cess <conwsts in burning the sample of dried coal, usually 
30'grains, with a mixture (300 grains) composed of three 
parts of chlorate of potash and one part of nitre. This 
oxygen-providing compound and the coal are thoroughly 
commingled, and placed in a copper cylirider (a) (Fig. 
14), into which is also inserted a small fuse of'cotton 
8oa)ced in nitre. This combustion cylinder or furnace is 
held in the socket (h) and is covered by {j)ie copper 
hood (c), which is perforated at the bottom, and fitted at 
the upper end with a tube and> stopcock; when passed 
over the furnace, the hood is pressed and held rigidly in 
position Ity tlte three springs (cf). A lieaker (e) is Jlled 
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with vrater ap to a mark on the 'glass, which registers 
29‘910 grains, and the temperature of the same taken. 
The fuse is ignited, the furnace covered by the hood, 
the stopcock closed, and furnace and hood lowered into 
the water. As soon as the combustion ceases the stop¬ 
cock is opened, the water agitated l)y working the instru¬ 
ment up and down twice or thrice, and the temperature 
again taken. The difference of the two temperatures, plus 
10 per cent, allowance for heat lost in warming the instru¬ 
ment and by radiation, represents the evaporative power 
in pounds of water evaporated per pound of coal burnt. 




Kio. H.—TIioiiiptMin’M Calorimetftr. 


It will be perceived that this is not a very«aceurate 
mode of determination. There is frequently difficulty in 
obtaining complete combustion of the fuel, and the 10 
per cent, allowance for heat losses is somewhat of a con¬ 
vention. It is'for this reason that the Kosenhain apparatus 
■ is to be preferred. 

2. Ro^enhnin's Calarinieter .—Details of this appar¬ 
atus are ill|i8trated in Fig. 15. PraCtically complete com¬ 
bustion'is secured, less than ^ per cent of the substance 
escaping combustion, and as the sample bums under 
observation its behaviour as regards caking and clinker- 
ing may be studied. There are two types of rfpparatus: 
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(A) type, with'ball-yalve and brass vessel, wbicb,^"#!^ 
thermometer and accessories, costs £10, Ss., and toe 
simple type (B), with glass vessel, which costs, complete, 
£7,13s. 

*The author is indebted to the Scientific Instrument 
Company, Ltd., of Cambridge, for the following account 
of the methfid of using'this apparatus 

Pre.}Kiratwn of the Sdmjjfe.—Thoroughly clean the 





Fj(l 15.—RoHenhaiirs Calorimetor. 

moulding press, insert the brass plate. And raise the 
screw. Fill the mould with powdered coal and inSfert the 
plunger, screwing it down as tightly as possib^. Raise 
the screw and reraoVe the mould. Slightl]^ push the 
Jbriquette with the plunger and it will leave the mould. 

Introduction of Sam^ into the Calorimeter .—tJnscrew 
: the three nuts locking the top plate. Turn the jdate in 
. order to tfree it from the supporting wiies. Bmoye the 
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plate and the lamp chimney. Plac^ the sample of coal 
on the porcelain lid and put this on the base of the com¬ 
bustion chamber. Replace the chimney and top plate. 
(Care must be taken not to tighten locking screws too 
much.) 

Before starting an experiment with instrument A it is 
well to see that the valve in the base is free! Place the 
platinum wire of the electric ignition against the coal 
sample. Insert the combustion chaml)er into the calori¬ 
meter. Connect the oxygen cylinder to the inlet tube 
of the combustion chamber by means of a rubber tube. 
Turn on a small stream of oxygen. 

Fill the calorimeter vessel witli al)Out 2500 c.c. of 
water. (This water should be warmed nearly to the tem- 
perattyre of the room before using.) Place the open-scale 
thermometer in the spring fitting attached to the com¬ 
bustion chamber. 

T/ie Combustion. —'jfhe temperature of tlie open-scale 
• thermometer is now read ; if the temperature of the water 
has l)een properly adjusted to Ijegin with, and the tem¬ 
perature of the room is fairly constant, this thermometer 
should remain almost stationary. The time and this 
temperature having been carefully noted, the «»lecU*ical 
connection is made and kept on for a definite numl)er of 
seconds—10 to 15 will be enough to ignite the sample. 
The current of oxygen is kept slow at first, btft as the ash 
accumulates alid tends to retard the combustion towards 
the enfl, the stream of oxygen is gradually increased as 
the expejiment proceeds; very violent combustion is to 
be avoide(^ as smoke is liable to be formed; it is also j^t 
to bjure the platinum igniting-wire, and the latter is 
therefore best raised out of contact with the sample as 
soon as the combustion is well started. The duration of 
^e cembustkm varies from 7 to 15 minutes, acAtrding to 
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the quantity and quality of the' coal burnt. When all 
the combustion ha* ceased, the oxygen supply is cut off, 
the valve raised, and the tap in the upper outlet tube 
opened; the water then flows into the combustion chamber 
and is allowed to fill it entirely; as soon as this is accom¬ 
plished, the valve is lowered and the oxygen again turned 
on. The wAter is thereby forced rapidly out through the 
valve at the base of the combustion chamber, and the 
bubbles of gas following it cause it to mingle with the 
^est of the water in the calorimeter. The thermometer is 
now carefully read at short intervals until its maximum 
reading is attained, which is generally the case a few 
seconds after the water has been expelled from the com¬ 
bustion chamber. This reading and the time are noted 
and the entire instrument is allowed to cool, with »slight 
current of oxygen still passing, for a period of time equal 
to half of that which has elapsed between the commence¬ 
ment of the combustion and tiie maximum reading of the 
thermometer; the fall of temperature during this time is* 
added, as a radiation-correction, to the apparent rise of 
temperature observed between the initial and maximum 
readings of the thermometer. 

Calmdation .—If w be the weight of coal used, W the 
water equivalenj; of the calorimeter and contents, and t 
the rise of temperature corrected for radiation, the calorific 
value of th(f coal is given by 


Example 


Water «|uivsl«ut * =«3‘i<Ograminoa. 
Weight of o>a) iiiml „ 

Apparent riee nf teinperatiire»3'34° C. 
Badiatian corteution »0'08° Ct 

.. , 3*70x3-42 

Calorific value 


1-425 

7850 C.O.S. calories per gnunmesof fuel 
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If the data are given in pounSs weight and degrees 
Fahrenheit the same calculation gives the result in 
B.T.U.8 per pound of fuel. 

Determination of the Calorific Intensity. _It is 

not sufficient to know the actual heating power of a coal, 
the temperature which could be obtained in burning it 
under perfect conditions should also be known, that is, if 
burned in e.xactly the riglit amount of oxygen under such 
conditions as to render the combustion perfect and allow 
of no loss of heat. 

The temperature depends on the amount of heat 
liberated, and on the nature and weight of the products 
of. combustion. The products of combustion can be 
readily reduced to a water e(juivulcnt—that is to .say, the 
weiglij of water which would re<|uire the same amount of 
heat to raise it 1°. Where W= weight of the products of 
combustion and S = its specific lieat— 

Tlie water e»|iiivHlcnt = \VS ; 

and if T = temperature, 

Ihen 1 wliere Cl* iv|(re«Hits the jniwer. 

thus 12 parts by weight of carbon jiroduce iik.lmwiiug 
12 + (2 X IG) partsby weight of carbon di-oxide ((Xb) =*44; 
or 1 lb. of carbon produces 3 (i7 lbs. of carbon di-oxide if 
burned in 2-G7 lbs. of oxygen. The tempemture of the 
resultant CO**, supposing it had the same capacity for 
fuat aS water, would be—the sficcific heat of water lieing 
unity— • ” 


But the specific heat of water and carijon di-oxide are as 
1: 0-2163. 

Hence the temperature of carbon di-oxid^produced 
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is as 0-2163 ;1 : :B60 :18,297* S'.. an4 |8,297'+M 
= 18,329® E. Again, two parts by weight of hydrogen 
produce 2 + 16 = 18 parts by weight of water. Therefore 
1 lb. of hydrogen yields 9 lbs. of steam. 

*61,524 B.'l’.U.s have to be distributed over 9 lbs. of 
steam, produced by the combustion, the specific heat of 
the steam being 0-4805. But the 9 lbs. of water have to 
1)6 converted into steam, which process absorbs 966 x 9 
units of heat; and between 32® F. and 212® F.^ or daring 
a rise of 180° F., the specific heat of the water is not 
0-4805 but unity, hence— 


ei,f>24 


6830; 


and 683G-f)66+(l--48a'i)180 = 5777. 

Then 0-4805 ; 1 :; 6777 ; 12,021, 

and 12,021 +32-* 12,053" K., or the rise of leiiiperatui'e due to the fnoducts 
of coinbusUon. 


Or the calculation may be concisely stated thus— 

61,.524 -1966+(1 - -4805)18019 _ 

9x0-481)5 

Tho following formula may, therefore, be applied to 
coals containing the ordinary constituents:— 

.Takil^ W=quantity of moisture in 1 lb of coal, 

C X 14,544 +TU - JO)61,524 - (966+(1 - 0-4806)180 x (9H + W)( 
{3-660 x0-'2ie3 +(911-Wjx 0-4805)100 

« 

and to the result must be added the temperature at which 
combustion takes place. 

The pyrometric heating power, burning thp coal in 
air instead of oxygeil, can be determined by^adding to 
the denominator of the above formula {2‘66 C — 8(H — JO)} 
X X -244 {or if there be excess of air (E) there must 
be further added E x 0-2377). This formula being derived 
as followtf: 1 lb. of hydrogen requires 8 lbs. of oxygen 



for Complete oMabustion, there be^pg 23 per cent of 
oxygen in air— 

23 : 8 :: 100 : 34 - 78 . 

That is, 1 lb. of hydrogen requires 3478 lbs. of air for its 
complete combustion. In this amount of air 2678 fljs. 
are nitrogen, for 100 : 3478 ::77: 2678, and thespeciBc 
heat of nitrogen is 0-244, hence the 01 of hydrogen must 
be divided by 2678 x0-244. And 1 Jb. of earlxm 
reiiun-es 2-67 lbs. of oxygen for complete combu.stion, 
which is contained in 11-61 lb.s. of air, of which 8-9 11)8. 
are nitrogen, so that the 01 of carbon must be dividcil bv 
8-9x0-224. ^ 



CHAPTER III 


(SJIOLOOY APPLIED TO COAL-MINING 

Geological Succession. —Reference has already 
been made on page 6 to the different horizons in the 
geological scale in wliich coal occurs. The relative posi¬ 
tions will be better comprehended by reference to a 
condensed statement of the progressive series. The order 
which is now almost universally adopted by Briti.sh 
geologists is that stated in accompanying table. 

Classification of Rocks. —Rocks can be divided 
under two heads—sedimentary deposits, and those of 
volcanic origin. The materials constituting the sedi¬ 
mentary rocks have been laid tlown in regular beds or 
strata as a sediment, usually transported and deposited* 
through the agency of water. On the other hand, volcanic 
or trap rocks are intrusive, having been thrust through 
existing strata in the form of dykes (see Fig. 36), and 
scyiletitfJfcs overflowing and covering the surface, or pass¬ 
ing along the pjanes of bedding (see Fig. 37). The term 
volcanic rock is also capable of another meaning. A 
deposit ma’y owe its origin to volcanic action, though in 
a sense it is a sedimentary deposit; thus the material 
foiming many ash beds, though emitted from volcanoes, 
has been laid down b^ water. Geologists spealr of such a 
formation as volcanic, though it is not an intr))sivo or trap 
rock. There is also a class of deposit which^ though 
sedimentary in the strict interpretation of the term, is of 
a very different character to what we usually understand 
as a sedimentary rock, viz. glacial deposits, or* those 
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’formaUoDs which sre due to the action of ice on pre* 
eziating rocks. There arc various kinds of glacial deposits, 
such as inoratM (terminal ami lateral), erratics (or trans¬ 
ported stones), Inniktev clays, and others, that of most 
common occurrence l»cing Itoulder clay, a ylacial day 
containing ice-worn Iwulders, and frequently alluded to 
as yUwial flvij). In some in.stanccs the glacisl beds are 
spoken of ns rc-arranged ile|)osits, liaving liecn icdistri- 



Fj«. 16.-- Outcrop or a Coal-M'um. Quarrying Coal in Kew ZdRind. • 
(From a pltoU^raph liy Mr. H. F. fiulman.) • 

« 

buted under water. The late Professor Green ' has given 
a valuable classification of derivative rocks (which are either 
mechanically, chemically, or organically formed), omitting 
those of glacial origin, which is reprorluced on p. 50. 

Expiration of Tenns connected with Strati¬ 
fication. — ^ bed or .stratum may* dip replarly in a 
positive direction, or it may be bent into a sytwline or 
antidine (see Figs. 18,19). Inversion may be produced 
by an anticlinical contortion, as shown in Fig. 18. 

• ‘ PkyHcal Omhft, by A. H. Green, HA., F.O.8., p. 181. 
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Table XV. 

(i(‘ne.r(d (Mantijkation of DeriivUim Roekt. 

Ldtoml, Mechanical. 

Sandy and coarse. 

Variable in hoiizontal nmge and irregnlarly bedded. 
'm , * • tionglomeratea and coarse sandstones 

A«/«s,ic. Mechanical, or mixed mechanical and organic. 
Clayey and fine. 

Constant for large horizontal distances and irremi- 
larly l)odded. ‘ ^ 

tMmpk: Fine sandstones, shales, and impure 
limestones. 

(Jreame. Organic. 

Calcareous. 

Often of great horizontal extent. 
tirample: Pure limestone. 

Altered organic deposits. 

Ejmmple: Atlantic red mud. 

Mechanical. 

Sandy and clayey rocL, and impure limestones 
IiTegular bedding with frequent changes in minerak 
composition. 

Alternations of marine, brackish, and fiesliwater 
^ beds, marine fossils often dwarfed. 

Ua/sr. Mainly sandy and clayey beds, and impure lime¬ 
stones of mechanical origin. 

Oi-ganic or semi-organic occasionally. 

♦<ome chemical precipitates of carlionate of lime and 
silica. 

Ran llTtfer. Chemical precipitates, such as rock salt, gypsum, 
and dolomite, couspieuous; occurring in lenticular 
masses among sandy and clayey meclianical de¬ 
posits. 

.Fossils rare, sometimes stunted and deformed marine 
forma 

From atmospheric weathwing. Bainwjsh, screes, 
old soil. From wind (.Fxjlian), blown-sand. 

Aiainljir of veg«taUe brigia as coal. 

Mainly deposits of guana 
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ApPUED Itl CtlAI^MlNING ,, 
Whatever the direction of the dii^mav i 
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« rock .8 comijosed of very thin layere Ja in Z‘ r 
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at the Mme inclination; but where beds lie on 
has*^ a totally different dip, or when an interval 
^ « between thwdeporitinn of 
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groups being uncouforraable in their relation to each other. 
Thus, fur instance, there is an unconformity between the 



Fia. 18.—Contorted Strata showing Inversion. 


Silurian rocks and the coal measures in South Stafford- 

« 

shire, the latter resting directly on the former. 

As will be readily understood, the thickening and 
thinning of strata is of the greatest importance in mining 
generally, but of especial importance in coal-mining. Tw(k 
seams of coal when widely separated vertically may be 
easily worked, but by a thinning out of the intervening 
strata may, in another district, be rendered both difficult 



Unconformity (a), Aooompanied by Change of Dip. 


and costly to mine, unless an entire thinning out of the 
dividing beds takes place, and the two or more seams 
unite to form one^ thick seam, as in the case of the 
South Staffordshire and part of the Warwickshire coal¬ 
field,—^in which, however, the different hoi;fzon8 are 
marked in the coal by parities sometimes of shale or 
dirt, bu^; frequently being merely divisional planes with 
little or no intercalated material. 
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Cleavage and Jointing.-MaV rocks can bcleaved 

along their ,,Ian<S of Wiling, but some are eamble. as 
m the case of slate rock, of lieing split up into sheets 
at ijuitc another angle, this structure Wing termed 
cleavage or slftli/ rleam(/e (see Figs. 20, 21). Cleavage 
has lH.en pr«luc<>d by jiressure, and tlie planes of cleavage 
are at right angles to tlie line of application of the pres¬ 
sure that proilucod them. 

■loiids are the natural fissures whi.h traverse most 
iwks of a •• freestone ” character in all directions perpen- 
dn ular to the planes of Wdding; they constitute li,m 



2(>.- Stratificatiim, iiml (.'ImaKt*. 

A R Kare-s of jt.inis. A' R' U'iiijt iiarallrl joh.U. 


1» i> 1) I). Line* tif Mniiilioatioii. 

K K. Linp8 tif olouvn^c. 

K F. F:i(‘em>r croKii joints ur 


“ ptllaring.’ 


0/ U'mh>e.ss, and allow of such rocks being the nuire 
easily ijuarried. (,)uarrynicn term them mtlrr-mM 
Jointing IS peculiarly characteristic of limestones and 
^iudstones. -Joints or breaks may have an imiiortant 
bearing on the method of working (W-searas, when 
occurring either in the roof, Hoor, or in the seam itself. 
Vertical Cleavage or “Cleat” of Coal.-Many 

coals are cut across by two sets of parallel planes of 
Cleavage perpendicular to the planes of liedding. and more 
or le^ perpendicular to each other. Some geologists 
regard this ckat, as it is called, as similar tfl- jointing, 
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and others as more‘of the nature of cleavagel Thi* 
cleavage m absent froto some coals.. The author h^' 
not observed it, for instance, in any of the Natal coak 
□eat 18 more marked in one direction than in the others. 
Thus in the ^orthumbrian and Durham coal-seams 

.Orth «,d.»„th, „d 

SniKs or PtAfies or Beoomc. 



or JOIHTIHC 
oa PiLLAitmc. 


- or CLCAMoe at* 

or^S'mn 

Tft£ HOMOi^TAL, 


m *Fiq.*5i.. 


-IMaRram Hliirtmting nip, Strike, Oloavag,., „«I 

^ t nM.jointing iu a Bed of Slate. 


the le&s defermmed or headways cleat having (rouo'hly) 
an east and west course. Usually, therefore, ^hen 
working by the “bord and pillar” system (known also 
r the name of "stoop and room”), the “bords” or 
wide plnc^ are driven at right angles to the hordways 
cleat, as, by so doing, the coal is more easHy got and 
larger ^al produced. For the same reason, whe/remov- 
»ng p,llam (“ working in the broken ”), they are usually 
worked off m the same direction; and it is sought-^ubieot 
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to certain other circumstances, to Vhich allusion will be 
<'in«u}e when treating of the longwall system of working 
(see vol. iii.)—to advance the longwall “on face” or 
bordwsys-way, instead of “on-end” or hcadways-way. 
When a place is driven neither “ on end ” or “ on face,” 
it is termed a crosscut. 

Geological Disturbances. (l) Fohlimj {see Figs. 
17, 18, 19, and 22), or vontortion of the coal raeasurc-s, if 
considerable, may prove a serious obstruction in the way of 
economical coal-mining, owing to the high angle at which 
the scams lie, and so necessitate sinkings of great depth* 
to win them. Fortunately the coalfields of the United 
Kingdom, with few exceptions, arc largely free from this 
form of disturbance. A portion of the North Stafford¬ 
shire §ehl, however, along the northern and in the central 
parts, has Iteen subjected to folding, the strata having been 
l)ent into a double fold along .synclinal and anticlinal 
axes, and the scams in places being so very highly 
• inclined as to nci'essitatc a special method of working 
(rearer working). The fields of Midlothian and Had¬ 
dington also consist of a double trough, and in the 
Somersetshire field the. coal measures are tilted up, and 
along the .southern boundary even inverted; aiji) injiart 
of tlic anthracite region of the South Wales eoalfiSld 
the seams have been subjected to consfderablc folding. 
Rut one of the most notable examples of contorted coal- 
seams is witnessed in the Franco-Belgian coalfield, where 
pit shafts sunk to work a given area frequently pass 
through the same seam several times (see cross section 
of the coalfield in the neighbourhood of Namur, Fig. 22). 
The sti^ta' have been subjected at the close of the coal 
period great side pressure, and the seams crumpled 
up and broken by faults, the upper portion of the field 
having been denuded. It will be observed thatwt Namur 
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the Devonian strata^ Lave been bent over the coal mea- 
Bures; and at Lidge so great has been the inversion that‘ 
shafts have had to be sunk through the Devonian rocks 
in order to reach the coal below. The original width of 
the field has been much reduced by this compression, so 
much so that Professor Prestwich has estimated that the 
coal measures of the Lidge field may have occupied, before 
compression, a width almost twice as great as that which 
they now possess. The deepest coal-mines in the world 
are situated in Belgium. 

Besides enhancing the cost of mining and working 
the coal-seams, folding, in several instances, has brought 
about another notable effect, namely, the alteration of a 
highly bituminous coal into a “ dry ” coal, and into anthra¬ 
cite, of which metamorphic action a striking example is 
presented in the South Wales field (see page 10). 

When cleavage is present in folded rocks the planes 
of cleavage and the axes (tf the folds are parallel, the 
pressure that produced the one being accountable for the® 
other. 

(2) Faulting} —Faults, in the geological sense, or 
breaks in the continuity of the strata, constitute one of 
the,most important features in structural geology, and 
greatly infiuence mining operations. 

A simple fault is shown in Fig. 23, where the seam (a) 
has slipped down into the po.sition a', the line of slip 
being known as the hade, or in metal mining the under¬ 
lie, and being measured by the angle made with the 
hdrizontiil ami the amount recorded in degrees, the 
vertical dLsplacement or throw of the fault is measured 

* The term fault la ^*ery loosely applied in miniog:; thus anyteing which 
iTiterrtt{4« or deteriorates the coal is often called a fault, whether it be due 
to intrusion of trap rock, sweilies, rolls, nip or wash outs, or real faults. ' A 
teoH is someliEues termed a dyke also, ry. the “Ninety*fathom’* dyke of the 
Northumbrian coalfield. Other names us^ in mining for a genuine fault are 
•tep< hitch, (ronble, slip, or thing. 




Kio. 22.—Section bctom the ^anco-Belgian Coniaeld. .bowing Anticline with lnver.ion, Svncllne, and Fault. 
1. Deronian ; 2. Carboniferous Utnestone ; 3. Coal measures ; 4. Cretaceous rocks. 
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in feet. The hade^s often marked with seratchiti^ ot 
slickemides, and the opposing surfaces are highly polished, 
due to the attrition of the rock faces, especially if they 
are hard or crystalline; the fissure of the dislocation, or 
leader, is filled in with decomposed rock or clay, known 
as leader atone, and sometimes contains masses of spar, 
galena, or Wende.i In metalliferous regions the •win-stuff* 
in a fault is very often composed of siliceous or calcareous 
spares and ore. The hade may be very flat, in which case 
^the area of barren ground along the course of the fault, 
in a given tract of coal, will be greater than if it were 



Kio. 23.~Or(liimry Fault. Kia. 24.-Hevmi.d Fault. 


Steep. Tlfough, usually in inclined faults, the hade is in 
thCidireBtion of the down-throw side, cases do occur, more 
especially where the strata have been contorted, where 
the reverse is true, such faults being termed owr-thrust, 
over-lap, or rerersed faults (see Fig. 24). In such in¬ 
stances there is no accompaniment of barren ground. 
Where faults occur, as shown in Fig. 25, they'are spoken 
of as tmigh faults. 


* It 1» poaaible that in •oiue the coal-beariug areas of the United Kingdom 
theeo faults may oooaaionaUy prot e to bo the upper portions of oro-bearinB voina 
It would be Interesting, for instance, and possibly of value, to kn«w deSnltelT 
whether or not some faults, lower down, develop into mineral lodes in the ooai- 
“"u?. Shropshire, and Flintshire, in the neighbourhood of 

whioh, ta the Carboniferous limestone formation, mlnee ot galena, M-'d. mud 
>niyta bavtfbeenot an being worked. 


V ■ ' ' - . ' ' ' ' -V'f 

If, when working a stratum (coaj, ironstone, fireela^; 
&C.) which is flat, or of moderate inclination, a fault h) 
met with, the lost portion of the bed must be sought for 
in the direction of the greater angle, unless the fault is 
an over-thrust, when the reverse holds good; that is *to 
say, the same point in the seam will be immediately 
above or below, unless there has been a hemvov slipping 
to the right or to the left, and the lost part is picked up 
by sinking or drifting downwards or upwards. When 




the tel is highly inclined faults have td be considered 
as aftecting the coal in the same way as theyjJo mineral 
‘Veins,' when, jn order to pick up the lost seam, the 
miner will have to cross-cut to the right or left. This 
will be more clearly understood by the student if he will 
take two pieces of paper of the same shape and size, and 
draw on^each a diagonal line froln corner to corner, say 
left to right, these lines representing the highly inclined 
bed as seen in cross-section. Placing the pieces of paper 

^ In the South Wales field cool-aeatae are known «■ veinB <rf teak 
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against the windo% so that the two lines can be seen, 
the one covering the other, move that nearest the vision 
a little way clown; the position of the two lines will be 
as represented in Fig. 26, so that if a be the point in 
the bed in which the miner was working, in the dislocated 
part it will be at a', and in order to recover the lost 
seam he wHll have to cross-cut or drift to h. If, however, 
as the paper is moved down it is so slipped to the right 
that the two lines are continuous, there will be no heave. 
Again, the heave may be such that it is necessary to drive 
to the right (see Fig, 28) or to the left (see Fig. 29) in 
order to pick up the lost seam. 

Fig. 30 [represents a plan of a highly inclined bed or 



seam faulted and heaved iu the direction of the greater 
angle. There is no rule for positively determining the 
dinectioM in whicli tlie lost bed can be discovered, but 
that devised piany years ago by Schmidt (1810) and 
Zimmerman (1828) has been found to hold gooil in the 
great maj6rity of cases, and may be applied as follows: 
Having obtained the dip and strike of both the seam and 
the fault, plot on paper the strike of both at two identical 
levels; thus, ns in Fig. 31, the lines AB and CD re¬ 
present the strikes c|f seam and fault at the same 
horizon. And A'B' and C'D' are the strikes of both 
at another level. A line joining the points* BB' will 
therefore be the line of the plane of intersection of 
aeam ntfd fault. Erecting at B from the opposite wall 
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of the fault CD a perpendicular and producing the 
intersecting line to F and G, it will he seen that BE 
is on the further side of FG, hence the lost seam 



V 


Fig. 30.—Plan Khowing Faulting of a tiighl^- inclined I>vdL 


must be sought for in that direction; in Fig. 32 the 
rcvcrs(j is the fact. 

Trough faults are generally due to faults crossing 
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one another; in which case oul of them will probably 
be older than the other. Faults end in various ways, 
by splitting up into a number of small faults, as in Fig. 
33, by simply dying out as a rent, as exemplified by 
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tearing a piece pf eardboard, Fig. 84* or by one 
coming up directly against another, Fig. 35. 

Contortions are frequently ended by faulting; the 
great Pennine fault in the North of England is an 
instance of this. A fault does not necessarily extend 
through the whole of the seams of a colliery. Thus at 
Towneley Colliery,* near the river Tyne, though the large 
faults generally go right through the measures, those of 
them which are leas than 25 feet do not appear to reach 
^the seams above and below that in which they occur 
(see p. 64, “rolls” and “swellies”). The author has 
observed the same feature in several coalfields. 



wo' 


lOC'- 


IOO'~ 


♦ 




^ -too' 




wo' 

Pio. 35. 


(3) liyhvs ov Intmdons of Igneous Rock. —^Dykes 
often prove a great hindrance and cost in coal-mining 
^here present in any great number, as, owing to the hard 
character of the intrusive rock, they are difficult and ex¬ 
pensive to pierce, and frequently they have' so altered the 
coal in their immediate proximity as to render it worthless 
(Fig. 36). They vary in thickness from a few inches to some 
hundreds of feet; sometimes they reach the surface and 
sometimes they do not. Intrusions of trap also take the 
, form of overflows, in some cases covering the surface for 
:^mile8 with a thick capping, or occur as intrusive sheets 

> lit. J. B. SSmpian, Tratu. lt.S. IntL M.JL, voL ixxviU. p. 53.* 
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« between the sedimentary strata (Fig. 37). The^Britisb 
coalfields, with the exception of the Clyde basin, are not 
much troubled with igneous intrusion.s. But in others they 
constitute one of the most important geological features. 
The South African coalfields, for instance, have been sub¬ 
jected to a greater extent perhaps than any others to 
the action of dykes, lateral intrusions, and oterflows of 
dolcrite, hardly a single colliery being free from interrup¬ 
tion of this kind. In the Clyde bjisin, sheets of mclaphyre 
and dolerite have been intruded amongst the coal strata, 
and have been the cause of much loss and difficulty in 
mining oj)erations. There are, also, many vertical dykes 



Fli». IW.- -Dyke or Vertical IntruMioR of Tro|» Rook. 


of ba.salt find dolcrite, the former Iwing of Upii^r Carboni¬ 
ferous and, possibly, Permian age, the latter belonging to 
the Tertiary (Miocene) period. 

A very notaiile lateral intrusion in Oeat Britain is 
the Great Whinsill* dyke, a sheet of ba.salt averaging 
from alaiut 80 to 100 feet in thickness, the outcrop of 
which stretches across Northumberland from Greenbcad 
on the west to a few miles north of Berwick on the east, 
the sheet probably underlying the whole of the southern 
and eastern portion of Northun|l»rland; and it is ex¬ 
posed aa*,a huge inlier in Upper Teesdale. A section at 
Bavington in Northumberland (Fig. 37) shows two intru- 

* Seo D«rAn*,by ProfBMOrO. A. 

latioar. * *' 
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sive sh^te of basalt ;s^iich are, in all probabUity, branches 
of the Great Whinsill. 

(4) Wash-oiUs, Nip-outs, Rolls, and SweUies .—When 
a portion of the strata has been denuded, and the cavity 
filled in with alluvium or drift, it is termed a umh-oiU. 
A wash-out of great extent is illustrated in Fig. 38. Some 
wash-outs* or nip-mUs are filled in with sandstone in 
place of gravel or sand, showing that the denuding action 
took place in Carboniferous instead of recent times (see 
Fig. 39). Such disturbances are by no means uncommon in 
our coalfields, and when working coal have sometimes been 
mistaken for faults; but slickensides, leader-stone, or other 



Fjo. 37.—Section at Great lUvin^'ton, NortliumlH'rland (after Ixrbour). 
1,1. Wbinstonc. 2,2. LtmestoneR. 


signs of movement are absent, and by driving straight 
ah^d aT the inclination of the seam, the coal is usually re¬ 
covered at about the horizon it should theoretically occupy. 
A swelley or Mk ‘ is a bending or roll in a seam which 
may l)e due to a natund undulation of the bed, or may 
be caused by pressure of the same character as that which 
occasions faulting, and, indeed, these irregularities do 
sometimes partake of the character of faults proper. The 
eminent mining enginerr, Mr. J. B. Simpson, mentions ’ 
a fault at Townelcy Colliery, on the banks of the Tyne, 
of 12 feet throw, which occurs in the Towneley seam, but 

^ Tbe term ** balk is used inditoriminalely to express a ** Qip*oat or *' toll.” 

> /niL pp. 6S-53, 65. 
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does not extend to.tTie Five-Quarter seam 90 feet lower 
down; instead there is a swelley or bending of the latter 
nearly equal to the amount of the fault in the upper 
seam; and he recounts an interesting case at the same 
colliery, where the Towneley and Brock well seams (180 
feet apart) were free from faults, but in the intermediate 
Five-Quarter there was a iiip-out of the seam for a 
width of 135 feet, extending over a distance of 600 feet, 
the seam l)eing double its usual thickness for a breadth 





alraut equal to that of the nip-out on one side only of 
the nip-out. This thickening of seams in the vicinity 
of nip-outs has often been remarked. So-c.alled “ nip- 
outs” are due, in some cases, to pressure (not fracture 
ah with faults), and not to the denuding action of 
water. 

Measurement of'' the Inclination of Strata.-^ 

When prospecting, the ascertainment of the true dip of 
the strata is a mutter of great importance; the observed or 
apparent dip of beds exposed in a section is frequently, 
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of course, not the true dip, the lat*t<r being in a direc¬ 
tion at right angles to the water level course or strilv of 
the bwls. The dip is measured in degrees or, sometimes, 
in inches per yard, in per¬ 
centages (e.g. 1 in 100), 
or by stating how mucli it 
deepens from the horizon¬ 
tal, Vertical and iiorizontal 
measiirenients being given 
in the same terms (e.g. i in in;. ki. 

20). Tlie.se mode.s of reekoning di}» can be converted, tlio 
one measurement into the otlier, by means of Table XVI., 
which is the work of the late J. Ik'ete .lukcs. 



'aiu.e XVI,- 
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When the inclination is above 45° it is sufBcicntly 
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expressed in yards, it^us—2 yards in a yard, 3 yards in 
a yard, and so on, 

aiifJ 1 in 1 =45“ 

„ 2 in 1 =63° ahout. 

„ 3 in 1 =71“ alamt. 

„ 4 in 1 = 76° about. 


Let A^B (Fig. 41) represent the line of intersection 
of the horizonttil plane with the inclined plane, then 
AB = 8trike, the course or bearing of which is determined 
by the compass. 

If the mrfacr of a stratum is bared the strike ean 
be determined by means of a clinometer, and the dip 
measured at right angles to it. If, however, the sur- 
p face is covered and the stratum 

is merely exposed in section, and 
/ j \ that not along a line at right angles 
/ !e to the line of strike, as CDE, the 

being an apparent one, made, 
^ ^.say, on either the face CAE or 
CBE, the observed angle will be 

Fig 41 ® 

less than that of the true dip. If, 
however, it is possible to obtain the apparent dips along 
two faces, making a large angle with one another, the 
airiounf. and direction of the full dip can be determined 
by ealculationj thus:'— 

Let a and a' be the angles of the two apparent dips, 
viz. CAE and CBE, and D the angle of true or full 
dip CDE: the angle AEB=2f?, and AEl)=(/-c, BED 
s:(i + c, then— 


Tail h 
) 

TmiD* 


8iu(rt-rt') - 

’“ain (rt+tf') cot a ’ 
am (rt+a') 

2 cos COB a C06 a' cos e 


* See also Ma^nzine, x, 332; iil. 2nd aer. 377 ; Pk^$ic<d Qtdogy, by 

Professor (sreen, and of the Sootb Staffordshire Coalfields'* {RtwrtU 

0 / ikt St^iooL of Jfinsi, fol. i. part li. pp. 330-835). 
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When a section has to be drawn abliquely to the true 
dip it is necessary to know what inclination to give to the 
beds. Bcete Jukes worked outa table' (Table XVII.p.70), 
which will be found u.seful in this re.s[)ect. Thus, suppos¬ 
ing the true dip of the strata is in a direction N. 10 E., 
and the line of section is drawn across the county N. CO 
E., the ditference in direction = 50°. If the amdhnt of the 
true dip le 20° (the dip would be stated 20° N. 10° E.), the 
dip to lie given to the bed.s in the section would be 13° 10'. 

The trigonometrical forinuhe on which this table is, 
founded arc worked out ns follows:— 


l..«l AB (Fig. 42) tlie line of Mnkc 
and A(.' the line of Kection. 

Draw BC in Ihf nann* liori/oiitiil jdane 
a«i AB and A(’. BC=viilreriioii 
of diji a» given b\ coin|wiH'*. 

Draw (.’D verlic.'d to meet the tiuif.m* 
of the in D. 

Then thr ntiglr (’BD (y )--1 lir real d i|>. 
Then the angle (’AD (:)- the 
- entdip. 

Thru the angle A('B (.'•)- tlic an;:le 
the .tec (ion iiiakos with the direr- 
lion of the di)). 


D 



Then 

BO 

but OI)=^ADsin^, 
and BO=iACr»»«/, 

= ADcOfl2ros.r; 

tany--*^*”''-tan2«ecA 

ro«r 

^ or to ladiiit r, 

r tan y stall 

V t A I i I »^ r gtrtuK the tmo aiii. 

heuce tan y- log bin: ± sec .c -10 > 

or tan 2 ~ the »pp«rent dip. w 

sec j; \ which will h«vv to ijc 

hence log tan i -10 ± log tan y - log fseti *) **" **** ■«Moo. 

The tollowing method of determining the direction 
and amount of the true dip from two apparent dips 

* Oblique Section Table, as drawn ap bv J. Beete Jakes, M.A., F.O.8. See 
JUeonit oftke School of iftnet, voL I. part iL p. 384. 
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observed in sections in quarries, cliffs, or escapements 
will be found to be useful. 

Supposing in Figs. 43, 44, and 45 the lines AB and 



AC represent the direction of ujypaicnt dips as observed 
at the jwint A. In tlie first ease (Fig. 43) the dip of 
BA is 1 in 8 toward A, that of (!A 1 in 14 also towards 
A. Mark off on AB 8 units of lengths and 14 of similar 
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units on AC. Joint BC is the line of strike, and 
the line dip will be in the direction D. The explanation 
of the other two figures is obvious. A similar method of 
ascertaining the dip is adopted in the case shown in 
Fig. 44, the dips being concurrent in these instances. 
But the case of Fig. 45 is difierent; here the apparent 
dips arc ki reverse directions. Project, therefore, one 
of the lines of dip—either will do—and mark off on 
the projected portion the number of units of dip — 



eiiner uegrees or other unit of inclination—joining the 
extremes as before. Thus projecting B.4 to D, join DC. 
DC is then the line of strike and EF the line of true 
dip. 

‘ The directions of the lines of the apparent dip are 
determined by comphss reading and plotted on paper 
by the aid of a protractor, the amounts of these dips 
being ascertained by a clinometer. 

To find the amount of the true dip proceed thus 
(Fig. 46). Draw GH equal to AE (Fig. 41), and make the 



GEOIXXSY APPLIED TO COAL-MINING 78 

angle GHI eijual to the angle of ohsejved clip, namely, 3® 
(see Table XVI. p. 67)—exaggerated in the figure. Erect 
a perpendicular at G, meeting Ilf at I. 

Measure off along Gil a distance GK ciiual 
to AD, and join Kl. Then the value of 
the angle GKI, measured by the protractor, 
i.s the amount of tlie angle of true dip. 

Computation of Contents of Flat 
and Inclined Coal-seams.Allusion 
has already been made (p. 36) to the manner of ascer¬ 
taining the tonnage of actual cojd in a given area of scam. 
The formula generally ado|)ted by the author for ascer¬ 
taining the available tonnage when not unduly cut up by 
faults, dykes, nip-outs, Ac., is to allow 1200 tons per foot 
thick per acre, a.s exhausting all the general hindrances 
and los.ses in working. An ami)le allowance, it will be 
perceived, is made for such losses, the difference between 
1510 tons—the actual contents in an undLsturbed acre of 
^oal 1 foot thick—and 1200 Iwing considerable. In com¬ 
puting the coal and other mineral contents in inclined 
l)cds proceed thus;-- 

Ix't A - the liiHp area. 

„ 11 -Sec Of when* 0 I8 the angle (lj]> of the l)e<l. 
tvThicknefw of In il in feet. 

„ I)=T1h* iH-rcviitagc of mineral ohhiinahle. 

,, E“Thf muaber of r.uhic feet in 1 ton of the niiiieral. In 
the cast's of coal this may l>e taken a» 

„ Q-'Tlie ((uanlity in tons. 

• Tl,eng=AxnxCxl) 

it 

The reason for this can be shown thus. If A'H (Fig. 47) 


. A 



no. 47. 

represant a line drawn across the area of the tract in the 



Vio. 
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direction of the fulMip, and AB represent the inclination 
of the seam, the angle ABA' = 0, 


* 


and 


AB Secff 
A'B" 1 ' 


AB=Sec«A'B. 


The amount of dip is variable; the strike is the same 
whether tBe seam is slightly or highly inclined. 

Concerning Stones and Clay.— As building stones 
and clays are sometimes worked in connection with 
,coal, being either quarried at the surface or mined in 
the colliery, and as they are used for colliery purposes,' 
or offered for Sfile, a few notes respecting the same will 
not be out of place in a work on coal-mining. 

The principal stones at the present time generally used 
in the United Kingdom for building are granite, sand¬ 
stones, and limestones. 

The weight of stone should be such that the specific 
gravity is not less than 2 and not more than 3. 

The, resistance to crushing offered by a stone is of 
great importance, and varies according to the position in 
which the stone is placed in respect to its lines of bedding. 
Thatof “Gurnsey granite,” for instance (of a weight of 180 
tq lr85 lljs. per cubic foot), is 500 tons per superficial foot. 

The texture of the stone has to be considered with 
regard to the use to which it is to be put, whether close 
grained or not, and its capability to withstand weathering 
influences. 

, The porosity, again, is an important factor; stones 
which seem to contain numberless holes sometimes take 
up less moisture than those which are close-grained. 

* In Northumberland and Durham the colliery proprietors own Ibe houses in 
which the workmen litre, and frequently erect the schools, churches, chapels, &o. 
Hany ooUierios throughout the United Kingdom have ako extensive brick*works, 
the brioka being used at the surface wd unde^round, and a trade often being 
carried on is same as well. 
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• 

Some stones are in a state of teifsion prior to being 
quarried, and are liable to expansion when separated from 
the bed. A well-known instance of this is the stone 
worked in the Booming Quarry of Kentucky, U.S.A. The 
more porous a stone the lower is its conductivity, and the 
more close-grained and compact the greater is its con¬ 
ducting power. But the conducting power of stones and 
rocks depends in great measure on the relative direction of 
the planes of bedding or of cleavage to the direction of 
application of temperature, so that, when the dii-ection, 
of the heat is perpendicular to the planes of bedding or 
cleavage, the conductivity of the rock is lower than when 
the two arc parallel. 

When selecting stones for building purposes, more 
especially in respect of 8late.s, it is necessary to olwerve 
jointing, dip, and cleavage. The number of joints, for 
instfince, determines the size of tlie slates, the cleavage 
^their thickne.ss; when not finely cleaved the stone may 
partake more of the nature of a flag than a slate. 

Stone which contains a great amount of carlwnate of 
lime is apt to harden after l)eing quarried. An excep¬ 
tion to this rule, however, is Portland stone, which is used 
in the manufacture of hydraulic cement. • • ^ 

The colour of stones, especially in the case of sand¬ 
stones, is freijuently determined by the presence of oxide 
of iron, though the very red sandstones as a rule contain 
less metallic iron than the grey sandstones. Sandstones 
are of varied colour—white, yellow, red, blue, gre^n, 
brown, and buff. 

Climatic conditions largely govern the use of stones. 
Thus, s6pe stones used for building in the South of 
England, the Bath Oolite, for instance, would not be a 
suitable stone to use for erections in say Newcastle- 
upon-Tyne, where the sulphurous and other acids there 
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generated from the* large consumption of coal, chemical 
works, &c., would act injuriously on it, and for this reason 
it is best to avoid sandstones which contain even a trace 
qf lime if they are intended for use in the neighbourhood 
of large manufacturing towns. 

There need be very little waste in the quarrying of 
some stopfes. For instance, after a large Idock of granite 
has be(!n “squared" for some heavy piece of masonry 
the refuse may be used for road metal, but on being 
^crushed for that purpose a considerable amount of very 
small stone will be made, which may be used in concrete 
or the manufacture of artificial paving stones. At Mount 
Sorrel a considerable part of the waste is used as a fertiliser 
for fruit trees, as it contains both potash and soda. 

No less than half a million tons of the granite annually 
obtained from the Leicestershire quarries is used on roads 
and streets in the Midland counties. 

Limestone is used as a flux in smelting, the resulting 
slag often being employed ns road metal. 

Basalt “setts” are used in road-making. 

Clays arc of diflereut kinds and are used for making 
a variety of bricks. A good building brick-clay should 
not* contain more than 2 per cent, of potash, as tending 
to make the ^lay run, as do also soda and iron when 
present. Highly siliceous clays are employed to make 
fireclay or fireclay bricks. 



CHAPTER IV 

PROSPKCTINU AND HOHING FOR GGAI. 

• 

The Search for Coal. —Pcrliaps enough bus been 
said, or indicated, in the foregoing chapters to show what 
an important part the science of geology plays in the 
discovery and determination of the extent and value of 
coal deposits. Formerly coal was reekle.ssly sought for 
in almost every geological formation, anil much waste 
of money occasioned in usele.ss boring and sinking 
operations. Now, however, in the United Kingdom and 
in many foreign countries, the coalfields have been 
geologically surveyed, and many of them accurately 
mapped in great detail, so that, by the scientific use 
•of this information, the mining engineer and others are 
able to determine what seams of coal, beds of ironstone, 
and fireclay are likely to exist under any given area; 
and to know what succession of strata is likely to be 
IHsnetrated should boring operations be carried out; ^nd 
to decide upon the best site for shafts should sinking He 
determined on. There yet remain, however, many parts 
of the world in which the mining engineer will have to 
carry out his (Avn geological investigation and mapping. 

The search for coal, therefore, is differently commenced 
according to the nature of the information available wfth 
regard to the locality in which the*exploration is to be 
made. 

The subject can be considered under three heads:— 

1. Where there is no knowledge of the presence of 

coal in the district to be explored. 

n 
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2. Where coal irf supposed to exist some little dis¬ 
tance from the locality. 

3. Where coal is worked in adjoining properties or 
royalties. 

In case No. 1 it will be necessary to make a general 
topographical and geological survey of the country, where 
every feature which will prove of the least value as 
indicative of formations favourable to the occurrence of 
coal should l)e carefully noted, such as the occurrence 
of the fossil plants already mentioned, the existence of 
* ocherous springs, variations in vegetation, and many 
others. If the result of the survey is favourable, and 
coal is believed to exist, boring operations should be 
carried out in carefully selected spots. 

In case No. 2 the supposed occurrence of coal should 
be carefully investigated and the neighbonrhocKl geologi¬ 
cally surveyed, the dip of the strata, especially, determined 
with accuracy, and the survey connected with the tract 
in (luestion. If the coal measures dip in that direction,* 
it will be desirable to put down bore-holes to determine 
the number, thickness, and value of the seams. 

In case No. 3, by means of the vertical section at 
the nearest shaft and surface levelling to the property 
tti be developed, a sectional levelling should be con¬ 
structed, and if the distance be not great, and the coal- 
scams and other strata regular and unlikely to undergo 
variation, and there is no external evidence of lai^e 
faults or intrusive dykes intervening, sinking operations 
may be undertaken without first putting down trial 
borings, though even in instances of this kind borings 
are often made liefore undertaking a costly sinking. 

The importance of keeping accurate and' detailed 
accounts of the strata passed through in boring— 
detailed in point of description of rock, thickness, .colour, 
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texture, and character generally—ctftijiot l>e over-empha¬ 
sised. Fig. 48 illustrate.s this in respect of three bore¬ 
holes, none of which has directly proved the existence of 
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a seam of coal, thougli there are sucli outcropping between 
the .several holes. Had a pro|H;r boring record been kept 
when j)utting down the lirst hole, the .second would have 
shown the ne<-essity of boring deeper, and the third would 
not have been necessary. 

Some Uses of Bore-holes. —The u.-es to which 
bore-holes are |)ut in coal-mining are numerous, and may 
be summarised as follows :— 

1. The ascertainment of the existenre, depth from the 
surface, natuie, thickness, dip, and strike of a de|i(»8it. 

* ' 2 . To drain a shaft of water when the same i.s being 

sunk to workings immediately below. 

3. Kor ventilating a shaft when being sunk to work¬ 
ings below. 

4. To drain off gas from workings, or to o<,herwi.se 

ventilate workings. ‘ , 

5. For the pnriwse. of obtaining water to supply 
dwellings in the neighbourhoml of the colliery, or for the 
generation of 3team, or other purj)o.sc8. 

6. For the puri) 0 .se.s of carrying down the means of 
signalling or tramsmission of poxver, or conveying water 
to underground workings.' 

7. For the in.sertion of pipet^ for the circulation of 

* See the CttUiertf Emjinefr^ vol. viii. pp. for an intereiitinf^ account of 
bcrre-lioles being u^ed in the anthracite coal districis of Pcniiaylvania oa iop<!, 
and water ways, as well as for spnaklng tubes, and for bell wires to 
eiHfi&uaun on the surface. 
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freezing mixtures, jvlien sinking shafts through running 
sands, &c. 

8. 'I’o sink shafts. 

Besides the uses to which bore-holes arc put in coal¬ 
mining, it may Ije mentioned that in other branches of 
mining and engineering they are also largely employed, 
tlius—to ‘prove mineral lodes, obtain natural gas, for oil, 
salt, and artesian wells, for the introduction of cement 
for strengthening foundations, and to make holes for 
piling. 

Particulars concerning some Important Bore¬ 
holes. —Important e.xamples of some deep bore-holes 
may be mentioned ;— 

The Rand-Victoria bore-hole, put down south of the 
Hiinmer and .lack gold-mine (Transvaal), 4100 feet from 
the outcrop, struck the reefs at 2343 and 2391 feet. The 
total depth of the hole was 2500 feet. 

A bore-hole was put down at a distance of 6000 feet 
from the outcrop at the Meyer and Charlton gold-min# 
(Transvaid) to a depth of 3500 feet. 

The “ 'I'urf Club Syndicate,” in the Transvaal, began 
two bore-holes near Johannesburg before the war, known 
ns ,the Bast and West bore-holes; that to the west cut 
llirough the Reef scries at 4743 feet from the surface, 
and the east bore-hole at 4825 feet. All these holes 
were bored by the diamond drill.' 

Mr. Hennen Jennings has informed the author that 
experiments with a view to determining the heat in¬ 
crement were made in the west bore-hole, but not to 
the full depth, so that conclusive results had not been 
obtained, but when carried out over the whole depth 
they were not expected to materially differ from those 
arrived at in the Bezuidenville bore-hole, where the rise in 


‘ Sec kliD ]>. 187. 
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temperature averaged 1® F. for every *208 feet in depth, 
over a depth of 3251 feet. 

In Wisconsin, U.S.A., a liole was lK>rcd by the Ameri¬ 
can rope-drilling process to a depth of 3700 feet in 
search of mineral gas. It is worthy of note that by this 
method of drilling in ten years (1878 -1888) no less 
than 30,000 oil wells were sunk. 

The lM>ring at St^aton Carew, near Hartlepool, in the 
county of Durham (1888), to prove the c.xistence of salt 
(which, however, it did not ilo), was sunk to a depth of 
1600 feet by the diamond drill. 

A noted bore-hole wiw that at Schladcbach, Lcipzic, 
5736 feet deep, commenced at 11 inches in diameter, 
and finished at I‘22 inche.s (at bottom). It began in the 
Triassic formation, and passed through the Permian into 
the Devonian, and was completed in 1888. 

The liorc-liolc whieh definitely proved the c.xistence of 
the Kent coalfield (189.5), the possible existence of which 
had been years before suggested by Mr. (iofxlwin-Austin,' 
was sunk by diamond drill from the laittom of a shaft 
44 feet deej), and attained a depth of 2286 fcet^6 inches. 
It was commenced at 18 inches diameter, rctluced to 9 
inches, the final core brought up being 4 inches in dihmeter.^ 

The deepe.st bore-hole in the world is that known as 
the No. 5 at Paru.schowitz, near Rybnik, in Upper Hilesia,’ 
whii-h went down 6572’6 feet. The first 351 feet of the 
lioring were aceomplisheil by a cutting edge and a 
stream of water through sand, clay, and Tertiary shales • 
the remainder of the hole was bored with the diamond 
drill, commencing with a crown 673 inches outside 
diameter. ^ The diameters of th^ other crowns used 
were: at 1046 feet, 4‘57 inches; at 1873 feet, 3'58 

1 H«t)ort to the lio^al CommiMsiuii on Coni, 1871. 

• • ai»chmf, 1893, vol. ««l. pp. 1273,1277. 
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inches; dt 3327 f*et to the bottom of the bore-hole, 
2'72 inches, Mannesman seamless steel tubes were used 
for lining the hole. The total weight of the bore-rods 
gt G561 feet was 13 tons 15 cwts., from which depth it 
took 10 horse-power to draw them, and the same to lower 
them in again—a 25 horse-power engine at this depth 
repliiein^one of 15 horse-power. Actual boring absorbed 
399 working days, and the cost of putting the hole down 
was X37C0, or about 11s. 5d. per foot. The boring cut 
through no less than 83 seams of coal. The average heat in¬ 
crement was at the rate of 1° V. for each 112 feet in depth. 

The deepest coal boring yet carried out in the United 
Kingdom is that at Southcar, near Doncaster,’ it being 
3195 feet 3 inches deej). The work of boring was per¬ 
formed by the Vivian Diamond Boring Company, and 
was completed in 1890. The hole was 13 inches in 
diameter at the surface, gradually reduced by stages, the 
core from the bottom being about 1^- inches in diameter. 
The object of the boring was to prove the eastern exten¬ 
sion of the Midland coalfield, in which respect it was 
successful. 


SvsTKMS OF Boring 

‘ Boring is either percussive or rotary, and all systems 
can conveniehtly be classed under one of the following 
eight heads:— 


1. Boring with rigiil rixls. 

2. Bods with a “ free fall ” arrangrineiit. 

< 3. „ „ spring nrraugomeut. 

i. Rope-drilling. 

6. Boring by hydraulic force. 

6. The diamond drill,, . 

7. Drilling with the use of a steel cutting | 

crown. I 

8. Drilling with chilled steel shot. J 


Percussive boring. 


Rotary boring. 


• Tnau. Irut. M.E., vol. xii. pp. 5I5-S24. 
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In making a selection of the system of boring to be, 
adopted in any one instance, the engineer should l>e largely 
guided by the olyect for which the liorc-liolc is intended. 
Rapidity of e.xecution is always desirable; ))Ut more ini- 
jiortant tlian this may be accuracy in deterininiug the 
section of strut4i, or tlic securing of as complete a core 
as possible. * 

As many of the. older incthiKls of l)oring arc still 
largely used, it will be advi.sable to consider tlie nicthuds 
and appirati in u.sc under two heads, viz.: (I) Older 
niethoils of Iwring. (’2) Isitcr developments in iRiring. 

Oi.DKH Methohs of IJorinc 
Boring with Rigid Rods. —The oldest method of 
lioring in lirituin is l»y raising and letting fall again iron 
or steel rod.s, .scrcwctl into one another, to the lowest 
length of which is attached a entting-liit or chisel; and 
the same nusle is still pursued, and may frei|ucntly be 
more cheaply emjiloyed than any other system, when the 
dejilh to which the hole has to be bored is not great, 
and when accuracy of section or a core of the strata 
pa.s.sed through are not necessary. 

Boring with rigid rods can, up to a ileplh <?f abou^, 
120 feet, lie done by baud, between this aivl 300 feet by 
lever or “ brake,” but licyond 300 feet steam-jwwer must 
be utili.sed. 

Th(‘ ordinary cquiimicnt, the various items of which 
are illustrated by Figs. 49 and 50, comprises— 

1. A 8t!t of shear legs, mode of Norway sjotp) 8 inches sqaare, from 

40 to 50 feet in height, set on a triangdar frame (aa, Fig. 49). 

2. A jack roll, about 12 inches in dismater, fitted with a brake to 

regulfte the speed of the issis when being lowered (5, Fig. 49). 

3. Blocks and rope; the former either single, double, or multiplied 

according to the depth of the hole and consequent weight of 

the rods (c. Fig. 49, and 8, Fig. 60). 
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4. A Himplo lever of*memel fir, 10 to 12 feet in length, the full 
crown, which is an iron axle, being situated 18 inches to 2 
feet from the end at which the rods are suspended from an 
iron crook by a piece of rope, which is doubled and passed 
over the brace-head at the top of the rods. As the weight 
of the suspended roils inireases, the length of the lever can 
be increased and a lialance weight attached to the longer 
arm.(Fig. 49). 

5. A biace-head fitted to 
the top of the roils 
to enable them to be 
raised and turned in 
the liole (1, 2, and 3, 
Fig. 50). 

(i. A runner (5, Fig. 50). 

7. A topit (4, Fig. 50). 

8. Keys (15, Fig. ,50). 

9. Hods in 0-feet lengths, 
and made sijuare (usu¬ 
ally 1 inch square) so a.s 
to screw and unscrew 
easily (11, Fig. 50). 

10. t^iisels, or bits of sleej, 
usually 18 inches long 
and 2i inches broad at 
the face (14, Fig. 50). 

11. Wimbles 3 feet long, 
the lower 2 feet being 
cylindrical, with a 
]>nrtial covering at the 




• Flu. 49. -Heail Gear or “ Kig " in position. 
a. Shear legs; 6 . Jack roll; 
c. Block and'Topc. 


bottom for the pur- 
jtose of retaining the 
fragments of core or 
coal (12, Fig. 50). 

12. Sludgers, which are 
somewhat similar to 
the above. 


13. Instrument fur boring 
through cottl, which has cross-cutters and a check valve; its 
use being to bring up entire sections of any seam' that may be 
passeil through (10, Fig. 60). 


14. A Btohe, almut 2 feet 6 inches long, and hollow for a distance of 
20 inches from the bottom, the cone-shaped cavity tapering 
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from li inches diameter at the hottom to a ^ inch diameter at 
. the toil (10i E'g- 50). 

15. Bounders, which are used to break off any irregularities which 
may have been occasioned by careless boring. 


Suppof?ing a hole 500 feet in depth to be contemplated, 
the operation of sinking it would be as follows: The solid 
rock (rock-head) would be reached by a staple pit 5 to 6 
feet in diameter, the sides of the same being secured by 
timber or brick lining, A guide tube would then be fixed 
in a vertical position at the point where the bore-hole 
is to be commenced. By sinking the staple pit the 
difficult boring through the soft upper beds is obviated, 
height also is added to the distance between surface of 
bore-hole and the pulley block, so that longer lengths of 
rods can be drawn out and unscrewed, and in this way a 
considerable saving of time is secured when drawing the 
rods for any purpose, sucli as changing a bit, sludging 
out the hole, &o., and a length of bore equal to the deptlj 
of the staple pit, which would be the costliest part of 
the boring, is saved, namely, what would otherwise have 
been the lowest length. 

The diameter of the l)ore-hoIc is usually about 2^ 
•inches. By this system holes arc never put down at 
a less diameter than 1| inches nor greater than 12 
inches. The operation of boring is briefly this. The 
master-borer, or master of the shift, takes up his position 
at the brace-head, and while two men at the end of the 
lever raise and lower it, he turns the brace-head partly 
round, so that the cyitting tool on being lowered may not 
strike the same place as before; when the rods fall he 
retains his hold of the brace-head, so that he may be able 
to tell by the touch when any change in the stratification 
takes place. When it is desired to draw the rods, th& 
braoe-head is unscrewed, the rods being meanwhile held 
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in position by keys, a “runner” is attaelicd to the rope 
and passed over the rotls to the top of which the “ topit" 
has been screwed. The rope is tlicn wound up by the 
jack roll, and the rods una<‘rcwed in the longest pos-siblj 
lengths. In the case of a deep hole an engine would be 
used for winding up the rods, and also for working them 
when boring. As little time as pos.sible .should be taken 
in .sludging out a hole, and the sludger let down rapidly, 
its descent being checked by means of the brake in the 
case of deep holes of, say, 1000 feet. I’or such a depth 
about three and a half minutes would be occupied in the 
de.sccnt. Tlic operation of sludging or pumping is then 
begun and continued for about five minutes. Tlie time 
occupied in raising the sludger will he, for a 1000-feet 
hole, about twelve minutes. 

Rate and Cost of Boring. —^\ h<.‘n a boring 
tlirough average coal measure .strata is carried out in the 
manner de.scril)cd above, the rate, of progrc.ss would in 
the earlier stages attain jicrhaps 12 inches jicr hour, but 
after a depth of some (iO feet is reached tlie average 
.speed will be much reduced, owing to the greater time 
lost in drawing and lowering the rods and .slfldging out 
the hole. The co.st of boring by this method ij, in ,thc 
North of England, usually based on a rat« of 7s. (id. per 
fathom (G feet) for the first five fathoms, with an increase 
of 7s. Gd. per fathom after every 5 fathoms. 

Thus if (!=tlre cost of the We-liule, 
a=sthe jirice of tlia first 8tcj», 

increase in price for each a^iditioual Htep, 
n«miini)er of steps. 

By arithmetical progre.ssion— 

-I- (« - *)f.) 

or taking the case of a liore-liole 300 feet in depth— 
c - ^1^3-9. 6d. X 2 -r (to - 1) 378.,6d.J 
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But it has Rometimes been performed at a 48. instead 
of 7s. 6d. rate per fathom, with a 4s. inerease. This method 
of cfileulating the cost of bore-holes is applicable to all 
^sterns of boring, the only variants being in the price per 
given length and the steps. 

Boring through Clay and Sand.— When boring 
through i» soft stratum, such as plastic clay, for instance, 
great difficulty may be experienced in keeping the hole 
open, and it will be necessary to insert lining tubes for this 
purpose, which should be got into place with the greatest 
expedition, if possible before the clay begins to swell; 
success in boring in such cases is frecjuently entirely 
dependent upon rapidity of execution. 

If a stratum of running sand be encountered the best 
way of boring through it is by means of a water jet, lining 
tubes being put down until the sand-bed is reached, and 
an inner tube fitted with a nozzle pierced laterally with a 
number of holes let down until the nozzle rests on tlie sand, 
the surface end being connected with a force-pump. Tin? 
pressure of the water forces the .sand up tlie annular space 
to the surface, tlie nozzle being lowered as the sand is 
forced up nnd the tube lining sunk down —pressure being 
kept on j;he tulies to force them down. When firm ground 
fe reached the steel lining, which has a cutting edge, is 
driven hard into it, so as to prevent any sand or water 
finding their way beneath it, and so into the hole. 
Another metlioil which has been tried with success, and 
one which has the advantage of not involving the use of 
atiy special plant, is that designed by Mr. C. B. Reynolds.' 
In the case of a bore-hole sunk by the Government of 
India, when proving the Warora coalfield, in the Wardah 
Valley, Central Provinces, the thickness of the sand pene¬ 
trated was 12 or 14 feet, and was overlaid by clay. 

> Trant. In$t. M.S.r vot. xiv. pp. 107, 110. 



PROSPECTING AND BORING FOR CX)AL 89 


When the sand was pierced, the water passed up the hole 
into the staple pit where the men were. It was desirable 
that no water should be left in the hole when finished; 
and realising that a serious lo.ss of time would result if 
there was any stoppage occasioned by having to wait for 
tubes, these were constructed at the mines on the Lentz 
method, as used at Baku,' and were 12J inches iir diameter. 
Such tubes could not stand much driving, so oti reaching 
the running sand they were forced into it by the blows of 
a “ monkey,” as far as was deemed safe. Within them 
flush jointed steel tubes, 10 inches in diameter, were 
inserted, and driven as far as possible in advance of the 
larger tubes into the running sand. To the end of the 
column of bore rods was fixed an inverted pump-bucket 
of wood with leather clack-valves, and the water standing 
in the tubes was with I’ortland cement pumped down¬ 
wards into the sand below, the rods being weightcil with 
tubes to enable the bucket to force the water tlown. When 
'the J’ortland cement had .set, it was drilled through. 

Tubing a Hole.—Should it be nece.ssary, on account 
of having to pass through a bed of sand or clay, or bccau.se 
of a tendency of the strata penetrated to cave* in, or any 
further reason, to line the hole or part of it witb tubjng, 
a smaller chisel, and po.ssibly rods of a less cross sectioiT, 
will have to be used, after the tubing has fieen inserted. 

It is frequently nece.s8ary to protect a hole throughout 
its whole length by tubing, especially if it has to lie kept 
open for any length of time, and it may be ncMssary to 
insert the tubing as the boring proceeds, in which case, 
if the hole be deep, its initial diameter will be propor¬ 
tionately greater, as the tubing will be inserted in stages, 
and various sizes of chisels will have to lie used, unless, 
indeed, some such device as that shown in Figs. 71 and 

‘ PHnlium and its PnducU, b; Sir Borerton Rodvood, ISOfi, T<d. i. p. ZSS. 

• • 
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' 2 , and described o» p. 122, is used to bore out the hole, 
vhen it is possible to use the same diameter of tubing 
or very considerable depths, if not throughout the hole. 

. Depth to which it is Feasible to Bore with 
Rigid Rods.— The depth to which it is -possible to 
)ore with a rigid column of iron rods is necessarily 
imited, fbr the jar or vibration communicated to the 



Kill. Gl.—Boriug 'J'oolii usetl at Ratiingtoii Colliery Siitking, 
Co. Durham, in 1^3. 

M Freo-fall. B. Eularging oliisic]. 


ro<ls if the whole length be allowed to fall suddenly 
through a space of 2 or 3 feet—the usual length of 
stroke—and the consei^uent percussion of the chisel on 
the bottom of the hole being continuously repeated, is 
such as very frequently adversely atfects the nature 
of the metal, causing breakage of the rods, unless they 
are made of corresponding strength, which entails great 
weight, and no rods will permanently withstand a con¬ 
tinually repeated f|dl through the distance named, .so 
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that in practice the fall in deep holes becomes limited 
to a few inches. Boring by rigid iron rods is in prac¬ 
tice, therefore, found to be practicable only up to about 
1000 feet, and it is now customary in pcrcussively 
boring all deep holes with rigid rods to make use of some 
kind of “ free-fall ” or other device, by which the jar to 
the column of rods is limited. Whatever its i/ature, the 
amount of drop to the free-fall, sliding l)ox, or jar.s, must 
be somewhat greater than the stroke of the engine 
working the column of rods or the rope. 

The Free-fall —Jars” were first applied to boring 
in 1834 by a German Government mining engineer. 
Von Oeynhausen. A bore-hole at Neusalz, in Germany, 
had been sunk to a depth of 927 feet by ordinary 
methods, but by applying the free-fall arrangement, 
which he devised for the purpose, it was found possilile 
to carry it to a depth of 2252 feet. 

^ («) Kind’s Free-fall. —In 1844 Kind put into use his 

free-fall, which replaced Von Oeynhausen’s on the C-on- 
tinent. This consists of an arrangement whereby the 
cutting tool is lifted with the upstroke of the walking- 
beam, and released by a mechanism shown In Fig. 52 
and allowed to drop. It will be seen that the.slid^ N, 
which is capable of a slight up-and-down ipovement, is at 
its upper end attached to the piston D, whilst the lower 
end is fixed to the wedge ring K. Hence, as the rods 
commence to'descend, the clips EE, working on the 
central pivots G, open, owing to the pressure of the water 
in the hole acting on the under side of the piston, allow¬ 
ing the tool and rod H to fall freely, the chisel striking 
the bottom of the hole, the rods following, and on reach¬ 
ing the top of H, the open clips or fangs pass some 
distance over the head I, but the moment the upward 
stroke is commenced and the pressure is on the upper 
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side of the piston they close, so that the bar and wedge 
ring are pressed down, and the rod carrying the tool is 
firmly gripped. The space through which the tool falls 
Qfin be made anything that is desired, being greater in the 
case of hard than soft rocks—as much as 10 to 18 feet 



Fia. 52.>~KHid’s Boriug Tool. 


when boring through the former. As will Ik; seen from 
the illustration (Fig. 63), cores, if so desired, can be 
obtained by using a crown holding chisels—usually five 
or more — in place of the ordinary trepan. Where 
it is desired to bring the core to the surface, that .is. 













Kio. 63.—Kimr.s C'rown-borer uml Core*extmclor. 


the core, the curved teeth 1*P of the same beiug forced 
outwards by an interior cylinder JiR which is suspended 
by a cord from the surface; the teeth pressing against 
the core enable it to be broken off and raised to the 
surface. This method of boring would not be possible in 

























94 MODERN PRACTICE IN'MINING 

a dry hole, for it is, necessary that that part of the hole 
in which the free-fall works should be full of water, in 
order that the piston I) may be worked. However, the 
majority of bore-holes do contain water. 

At Kreutsberg, Moselle, in 1852, a boring ITS inches 
in diameter was put down through 890 feet of new red 
sandstone, and coal measure rocks by the Kind system, 
at a cost of £806, 13s., or at an average cost of 13s. 8d. 
per foot over the entire depth, that is, about 8s. 8d. for 
the first 300 feet, 14s. Cd. the second 300 feet, and 198. 8d. 
for the last 300 feet, or, roughly, an increase of 5s. 4d. 
per foot for eacli 300-feet stage. Core-boring was only 
resorted to when passing through a coal-seam. The hole 
was begun in May and finished in December. 

(/>) Dili's Free-fall (Fig. 54).—The tool ]) is composed 
of wrought iron, and the hook H which constitutes the 
head of the boring tool slides in the guide-box H, and 
engaging with the catch J, the tool is thereby raised on 
the upstroke of the “walking-beam” (or brake). The* 
upper end of the disengaging catch J bears against an 
inclined plane L, and the hole 0 carrying the centre pin I 
of the catch are made oval in the vertical direction, 
so as to allow of a small movement in that direction. 
At the termination of the upstroke the rear end of the 
walking-beam *8 made to strike with some violence upon 
a wooden bufl'er block; the consequent shock occasions a 
slight jump of the catch, the tail of which is thrown 
outwards by the incline L and the hook H liberated. 
Oft the descent of the rods the catch again engages 
with the hook, and* the rods are picked up and the 
process repeated. Another and slightly different arrange¬ 
ment of Mr. Dru’s is shown in Fig. 54, in i^rhioh the 
disengagement is effected by a rod M, and the details 
of which are apparent from the drawing. 
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In 1867* Mr. J)ru was engaged in sinking a well 
19 inches in diameter to a contemplated depth of 1800 
feet, and another one at Butte-aux-Cailles, for supplying 
water to Paris, was being put down by him to a depth 
of from 2600 to 2900 feet, and was at that time 47 
inches in diameter, and stood at a depth of 490 feet. 

Considerable variation was experienced in the rate of 
boring when using Dru’s apparatus. Some rocks were 
so hard that with 12,000 blows per diem from a tool 
weighing half a ton, and a height of fall of 19 inches, the 
hole only advanced 3 to 4 inches in the day. When 
passing through soft rock the rate of advancement was, 
of course, vastly greater than this. 

((■•) Fabians Free-fall. —In Fabian’s free-fall, the rod 
to which the cutting tool is attached is a tube or box, 
at the top of which is a pin, which, on the rods being 
slightly turned at the surface, engages in a slot, and 
this is raised by the upstroke of the walking-beam. The 
disengagement being etfeeted as in the case of l)ru’.s free-* 
fall by shock,s, and in combination therewith a turn of 
the rods by tlie ilriller. 

Other types of free-falling apparatus, all of which have 
been, and still are to some extent, used, are—Zobel’s, 
Werner’s, Gaiski’s, Sonutag'.s, Kolb’s, and Kleritj’s. For 
an account of which the reader, who is desirous of further 
pursuing the subject, is referred to tlic admirable paper 
by .1. Clark Jefferson, in the Transactions of the Midland 
Institute of Mining, Civil, and Mechanical Engineers, 
vdls. V. and vi. 

The Mather and Platt System of Boring.— 

The special features of .this system of boring are—(a) the 
mode of actuating the boring tool through the medium 

* Paper hy Hr. Dm on the machinery for iKiring artoRiao wells, In the 
ProiM^ingt of th* InstitMU ^ AfrcAammf £nffin€crt, 18G7, pp. 174*-19]. 
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of a flat rope,' and (6) the i)eculiar‘construction of the 
boring apparatus. 

In Fig. 55, on leaving the drum A, the flat rop passes 
under the guide pulley B, hidden from view in Fig. 55, but 
shown in 55a, and thence over a flanged pulley 0, carried in 
a fork at the top of a square piston rod, worked from the 
vertical single-acting steam cylinder 1). All the working 
parts being supjMjrted by a strong frame of wooil or iron. 

When the operation of Imring is almut to l)e com¬ 
menced, the boring head E is lowered to the bottom of 
the hole by the rope unwinding from the drum, and the 
rope being then secured by the clam[» K, steam is ad¬ 
mitted into the cylinder 1), which in raising the sliding 
pulley C gives to the rope, and hence to the boring 
tool, twice the stroke of the engine; on releasing the 
.steam, tlie piston and its attachment drop, ainl the boring 
tool falls with consi<lerable force on the bottom of the 
hole, 'i'he working of the inlet and exhaust valves is 
automatic through the medium of tappets, which are 
themselves actuated by the movement of the piston rod, 
and it is so arranged that the piston near the cud of its 
down stroke is received on a cushion of steam. In this 
way a rapid succession of blows, usually twentyfour per 
minute, is struck by the tool at the bottom of the hole. 
By shifting the tappets, the length of stroke of the piston 
can l)e varied from 1 to 8 feet. When necessary to clean 
out the hole tlie clamp F is released, the boring tool 
wound up and replaced by the shell pump, which is 
lowered into the hole, and by raising and lowering it 
about three times at the bottom of* the hole, by means 
of the reversing gear of the winding-engine, the debris 
is removed. The boring tool is shown in Fig. 56, and 
consists of a slot head B, into which are inserted steel 

* tfessrs. Iffttber Jt PJatl have in operatiMS rIho a roQjf d rope syatom of boring. 

YOU I, a 



98 










PROSPECTING AND BORING FOR COAL- 99 


teeth or chisels C; the 
wrought iron bar which 
carries this head is guided 
in the hole by the guides 
A A. At the top of tlie 
bar are secured two col¬ 
lars, li and E; 'the upper 
face of the lower collar 
and the lower face of the 
upper collar have deep 
ratchet teeth, set in line; 
a deep bush F which 
has corresponding ratchet 
teeth oil both faces slides 
freely on the bar between 
these collars, the top tc.clh 
being set half a tooth in 
advance of the low'cr teeth. 
This bu.sh has attached to 
it the stirrup G hanging 
from the flat hempen rope. 
On the boring bar falling 
and striking a blow, the 
bush disengages from the 
teeth on the upper collar, 
and falls upon those of 
the lower collar; and so is 
twisted through a distance 
of half a tooth. On the 
raising of the bar the 
bush engages again with 
the teeth’ of the upper 
collar, and is again twisted 
to the extent of half a 



Fl 0 . (1) Boring tool (3) Sludger. 
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tooth. That is to* say, a twist to the extent of half 
a tooth is given to the rope, which is untwisted again 
during the lifting of the bar, consequently a constant 
sotating movement is imparted between the blows to 
the cutting crown, and each chisel strikes in a new sjwt 
on each successive blow. 

One o*f the earliest holes put down by this method was 
in 18G1 at Middlesbrough, for Me.s.srs. Bolckow, Vaughan 
and Co., Ltd. The hole was 18 inches in diameter and 
1312 feet deep, and penetrates the sandstones (about 900 
feet), marls, and gypsum beds of the new red sandstone. 
The first 000 feet occupied 100 days; the total time 
occupied by the boring was 540 days, but 150 of them 
were engaged in pumping water for test purposes and by 
other stoj)pages. Wlieu penetrating the sandstone the 
rate of boring was 13 feet in 13 hours, and when the 
depth of the iiole was upwards of 1110 feet the progress 
amounted to only 3^ feet per 13 hours. 

Quite recently, in Poland, it was used to boro a hole,' 
33 inches in diameter at the top and 10 inches at the 
bottom, to a depth of 2280 feet; and at the time of 
writing is being used near Burnley, in Lancashire. 

Good cores are obtained by this method, and the 
framework of ihe machine occupies little space. 



CHAITEK V 

LATER DEVELOPMENTS IN RORINO 

It has been shown that the first improvements in Imring 
were directed towards relieving the rods of tlio vibration, 
consequent on the falling of the great weight. In the 
so-called “Canadian” system of boring this is secured by 
the .substitution of wooden rods instead of iron or steel, 
and differs from tlie “American” rope drilling process, 
presently to be described (p. 102), in the use of ash-poles' 
in place of a hempen rope for carrying the boring tools. 

•Mr. Kelson Boyd, in an interesting paper read before the 
Society of Engineers in May 1894, in which he discus.sed 
the method of boring, supplies data which enables us to 
compare it w'ith others in [wint of economy and efficiency. 

In boring a deep well in (falicia (Au.stria), the time 
occupied in drawing up and letting down the rods when it 
was necessary to clean out the hole (the details of which 
were noted by Mr. Nelson Boyd himself, the well being, 
at the time of the observation, 1542 feet, deep) was as 
follows:— 

Drawing roda.miiiuieH. 

LHtingclowittlh' sand-pump by means of lite rxls 14 „ 

DraM'ing up the sand-pump.» 

Olninging the chisel ...... li 

Letting down the chisel.1-1 » 

Connecting the beam .& n 

85 minutes. 

• 

* Woodenwods are also sometimes u|ed on the Continent, fashJonefl of straight* 
grained pine, 2L 3, or i Inches square, and 33 to 39 feet long, joint<M] in the same 
way as iron rdtls, viz. a socket at the bottom anti male screw at the top, those 
iron pieces being fixed to the rods by means of forks imd fastened wiUii bolts. 
See CaUon't Zeeturet on Mining^ vol. h p. 100. 

• iOl 
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Whereas a similar operation performed by rope in an 
oil-well in Pennsylvania, 1600 feet in depth, occupied 
about twenty minutes, so that in deep holes the advantage 
in this respect lies with the “ American ” as compared with 
the “ Canadian ” system. Though in a shallow hole the 
“ Canadian ” may be the better method of boring, by the 
“ American ” system it is possible to bore a hole of less 
diameter than by wooden rods; on the other hand, how¬ 
ever, it is more difficult to preserve verticality when 
using a rope, especially when the strata penetrated are 
much inclined. 

The “Canadian” system has been largely used for 
boring oil wells, and the c(»st per foot, according to Mr. 
Nelson Boyd, varies between ICs. and 30a. a foot, but he 
puts the average cost at about .£1 per foot. 

The American Rope Drilling Method.’ —The 
“ Rig,” Fig. 57, as it is called in America, consists of a 
derrick, band-wheel, bull-wheel, sand-pump reel, sampson 
post, walking-beam, and engine-house. 

TVic Derrick, A, made of hemlock (pine wood), is 
somewhat pyramidal in form, composed of four uprights 
resting on hewn oak or stone sills, and held in posi¬ 
tion by the necessary tics and diagonal braces, generally 
about 70 feeU high and 20 feet square at base. This 
derrick carries two sheaves, the crown-pulley, B, and 
the sand-pump reel. The object of its great height will 
1)6 readily understood when the pump-drawing operation 
is, described. 

The Walkiiig-beam, D, is the instrument which com¬ 
municates the perpendicular up-and-down motion to the 
rope which carries the* drilling tools, and this is put in 
motion by the “ pitman," E, vJhich is a kind of connecting- 

* Seo a desoriiAioQ of thi« method by the author, in liU paper, " The Salt 
D^poait of South Durham atid Yorkshire,** Brik Hoe. Mining StudenUt 
?oI. t, pp. 92,103. 
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rod attached to the crank of the “band-wheel," F, the 



HORIZONTAL PROJECTION. 

t Kig. 67.— TUe '• Rig the American Bo[>e Drill. 

“ band-wheel ” being driven by a l)and from off a wheel 


worked direct by the engine, G. 
















104 


MODERN PRACTICE IN MINING 


The “ Bull-whe^s" H, are also made of wood. The 
total length of the oak shaft is from 10^ to 12 feet and 
its diameter 13 inches, the diameter of the wheels being 
to 7 feet. 

The Brahe, I, is an iron strap applied under the wheel 
as shown. 

The “Sand-wheel ” is fashioned of fine hard wood, and 
is carefully planed. It is al>out 7 feet in diameter. The 
grooves of the rope-pulleys on band and bull wheels are 
made of hard wood. The “sand-pump reel” friction 
pulley, J, has been shown by experience to be the most 
awkward part of the whole “ rig.” 

The ordinary drilling tools, which are shown in Fig. 
58, comprise a “sinker bar” (a), which is screwed into 
the “rope-socket” {d), and the “jars” (c), which are two 
flat links. Their function is to give the auger-stem (/>) 
and “ bit ” (/and /') a decided jar on the upstroke, and to 
loosen the bit (or chisel) in case it should lajcome wedged 
fast in the hole. The “ sinker-bar " is added to give the 
required force to the upward jar. All these tools screw 
into one another, as shown. 

Before drilling is commenced, wrought iron tubes of 
20-feet lengths and J-inch thick, which screw into one 
another, and of a diameter suitable to the bore-hole about 
to be put down, are driven through the soft upjrer beds 
of clay and sand, supposing such to exist. The.se pipes 
(» and »n. Fig. 58) are termed “conductors” or “drive- 
pipes.” Their object is to protect the sides of the hole 
frdm the clay and sand, which would otherwise completely 
choke it up. The first one is driven so far down, a second 
screwed on top of it apd driven down, and so on until 
the solid rock is reached. c 

Upper soft or alluvial formations (say, 60 feet) cannot 
be drilled in the ordinary way, so that the following 
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method, called “ spudding,” has to be,re8orted to. This 



Fig. 58.—Sumo of the TooIb and other A^diancoe ueod in American liupe Driiliiig. 

consists of attaching the auger-stem and bit by the rope 
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scMjket to a short piece of cable, about 160 feet long, the 
otlier end of which is passed round the crown-pulley and 
down to the bull-wheel, a few turns being passed round 
,the bull-wheel shaft. The engine is then started. One of 
the drillers stands near the bull-wheel with the loose end 
of the cable in his hands; a slight pull on this tightens 
the loose coils on the bull-wheel shaft, which is rapidly 
revolving; tlie tOf)ls are raised, the rope is immediately 
slackened, the tools drop, another slight pull is given, and 
so on until a sufficient depth is attoined to enable the 
walking-beam to come into operation. 'I’he conductor 
pipes are driven through the soft beds, say, clay and sand, 
with a wooden “mall” made of oak, 20 feet long by 
14 inches square, which is raised and lowered in the same 
manner in which the tools are handled in “ spudding.” 

Firm ground having been reached, drilling proper is 
commenced. The drilling cable, of 6 inches untarred 
manila rope, is passed over the crown-pulley and coiled 
upon the bull-wheel shaft, and the other end fi.ved into 
the rope socket. The tools arc then screwed uj), and 
lowered into the hole by the bull-wheel brake. The 
walking-beam is connected with the band-wheel by 
slippiiif^ the pitman on to the wrist pin and driving up 
*the key, and what is called the “ temper-screw ” (f/, Fig. 58) 
is suspended by a hook to the walking-beam. The temper- 
screw, which is ijerhaps the most ingenious of all the 
clever appliances connected with this boring apparatus, 
connects the rope and the walking-beam, its purpose 
being the lowering of the tools as the drilling progresses, 
which is done by letting out the screw. After drill¬ 
ing 4 feet, it is necessary to withdraw and re-clamp 
the rope. • 

As the tools rise and fall they are constantly rotated 
by hand by means of a short lever inserted in the rings 
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o( the temper-screw. The driller is enabled to discern, 
by means of the vibrations communicated tliroujth the 
rope from the jars, how the tools are working. When 
the temper-screw is run out the tools arc withdrawn * 
To do this the bull-wheel rope is thrown into gear and 
the bull-wheel brake applied, the engine being stopped 
when all the slack rope is wound up. The clamps are 
then loosened and the pitman thrown oft', the Widking- 
beam put out of the way, and the rope with the tools 
run up. The engine is .stopped and the Imll-ropc 
thrown off, the tools being then pushed aside out of 
the way, and the sand-pump, which is always attn(!hcd 
to the sand-pump wheel, is run up and down four or 
five times by means of the friction gear and brake block 
.shown on the plan. When the .sediment is cleaned out 
of the hole the tools are again lowered, controlled by 
the bull-wheel brake, the walking-1 team connection ina<le, 
the temper-screw clampeil to the rope, and boring re¬ 
commenced. 

Sonjctimes the conductors are driven too far, and ns 
pi{)es will not penetrate hard rock become contorted and 
buckle up. In order to straighten them a tool like .'i, 
plumber’s soldering iron, called a round reamer, is jittached 
to the rope .socket, and rapidly let down by tine rope, so that* 
it falls with considerable force on the contorted pipe or 
pipes. It is also used for rounding the bore-hole should any 
little irregularities be occasioned by careless boring. 'There 
are many tools which come into play in connection with this 
system of boring, such as the “ spon " used for enlarging 
the hole around a fast tool, several other kinds of tools for 
enlarging the hole, a catch for clutching a broken rope, a 
tapering I'ron tube for britlging up unfastened tools, a 
tool for cttCting the rope in the hole supposing the tools 
are^fast, and many others. 
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Wire rope has «ot been found to answer for drilling 
purposes, as it is not pliable enough to wind on the 
shaft of the bull-wheel, and to increase the diameter of 
jthe shaft would be to lose power. 

A set of tools in America costs about £80 for 
a 5|-inch diameter hole, and weighs about 18 cwt. 
They are made in the stem of to 3 inches round 
iron, boxes and pins being of Norway iron. The bits 
and reamers are also made of Norway iron, with large 
steel tips. The jars are composed entirely of Norway 
iron. 

The following are the various lengths and weights 
of a set of drilling tools:— 


Rope Rocket, weighs 

so U«. and 

is ,3 ft. 6 in. long. 

Sinker kir, 3| in. „ 

540 lbs. „ 

18 ft. „ 

Jam, in. „ 

320 llw. „ 

7 ft. 4 ill. „ 

Aiiger-Ht4iin, ins. „ 

1020 111*. „ 

.30 ft. „ 

Hit, 5^ in. „ 

units. „ 

3 ft..3 in. „ 

TdUl . 

2100 Its. 

(>2 ft. 1 in. „ 


The round reamer for a 5J-inch hole weighs 140 
lbs. The other tools and apparatus showm are, the 
ring .socket (e), key or wrench (?), sand-pump {j and k), 
three-wiflg rope grab (/), and tubing with common 
coupling («)., 

As to the rate of boring, 100 feet per diem of twenty- 
four hours has been done through new red sandstone 
at Haverton Hill, near Middle-sbrough, btit the rate was 
slower when boring through shale or marl. 

The cost of drilling was about 8s. per foot, calculated 
over a 1000-feet bore-hole at Haverton Hill. 

To bore and line with tubing a hole 950 feet deep 
in the salt district, Havertdh Hill, South Durham, the 
diameter of the hole being 8 inches, took thre^ weeks, and 
cost £1950 (lining with. J-inch steel tubes), included^ in 
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the cost being the price of the engine bole plant, &c., this 
being the average calculated over several holes.' 

Among the advantages of this system may be cited 
the fact that a hole can be cleared of obstruction rapidly^ 
and easily in the case of oil or salt well, and tliat it is not 
necessary to remove the derrick and accompaniments, 
as they are used for pumping the oil or brine. • 

Tliis method lias been used for boring for oil, salt, 
gas, water, and coal. In fact, during ten years, 1878- 
1888, no less than 30,000 oil-wells were [lut down by 
it, one hole in Wisconsin, U.S., being sunk to over 3700 
feet in scareh of mineral gas. 

The Keystone Core Drill is perhajis the most 
recent development of the American rope-drilling pro¬ 
cess, and has tliis advantage, that water flushing is not 
nece.ssary to its applieation, and as the (tore is protected 
by a non-revolving core barrel which continuously 
slips down over it as it is formed, preventing it 
from being broken and washed away, it is possible to 
obtain good cores when penetrating soft rocks. It is 
usual, however, to bore to the coal with an ordinary 
bit, then removing the bit and stem (but retaining 
the jars) to put on the core drill attachment^in their 
place. • 

The core drill and core barrel are shown in Fig. 59. 
It will be observed that the core barrel projects out of 
• 

* A retoarkable record of rapid drilliog, for the details of whiuh 1 aro in* 
dobted to Mr. C. H. Hatthewa, was that dona at the No. 3 oiI>wcl! of the Call* 
furiiia ami New York Oil Compan/, Coalings, California. The **nfr’* was Set 
op on December 12, 1905, and tho weli^coropleted to a depth of 1473 feet by 
February 24.190C. The diameters of the caalng was as follows 


For 600 feet. e . . 12*6 inches. 

rflr 900 . . * . . * . 10 „ 

For 1240. .« 

Fo?U.0 


The lOdiicb casing was afterwards drawn out and used at the No. 4 hole. 
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Fi,q. 5!(.—Ke;Rtuno Ckms Drill. ^ 

V ykKff jack; 1 C<m) exlnuiiir; S. IntemAand axteroal Idtmiise; 4. mt-boMer; &. 
Wrvtush; fi. Ottre-cilii; 7. Tira*Pnmg rup«>>pesr vr grab; R. Kope-anour vlUi pin; 
0 . H(Nac*jdKW ktiUe for eutUi^ ^ nm wmci Um toidi gvHait io tbb hoiv-hol« and 
ib« rope Is nut brukso. Ttie jars must d« used witb It ami ounneeWd witb Urn plpitig 
to the top of Um hole; lit Hinker used with borse-riioe knife and rope knife jars; 
IL Kejrstooa core drill; 12. Nlds slot oomtiinsUon sooint for letttiw ocdd of a rop^ 
•odwtmr spin; 11 Uwae-shoatriprope-kaUe: 14. Jsn; 11 Rididjv humper, Mr 
* striking on top of rope-socket when tools are fast in a holt; U Hurn-sodkei for 
dirlvldlt over aa-tioa tool of anosHaln slae;«I7. Mip-soekst need for oatefalng of a 
fOM-tndnt oar the iwiind Irw of (he shm ti broken; t& for out tkd 

boMioandatasttool to loosen tt. . 
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the hollow stem and below the cutter fijr about 4 feet, that 
length representing the longest core that can be taken 
at one time. The core barrel is prevented from being 
lifted on the upstroke of the cutter by a heavy steel 
“knocking head” a, which fits loosely in the hollow* 
stem h, and though it may have a tendency to turn 
about in unison with the stem and the cutter c, it 
cannot communicate this tendency to the core barrel ft, 
as between them is introduced a ball-bearing swivel 
joint e, which effectually prevents the core being twisted. 
The anti-friction rollers/ at this swivelled joint .steady 
the weighing bar centrally within the hollow stem, and 
prevent the latter from lifting the core barrel by 
friction. The atinular cutter c is made of fine crucible 
steel. Two cutters and tw’o bit gaugc.s (Fig. 5!i) arc 
furnished with the outfit, one for the outside and the 
other for the four inside teeth. 

The speed of drilling with this apparatus is .said 
to be, for ten hours a day— 


For trap rock, gmnite, porphyry, &<•. h (« 15 het |M‘r tltfio. 

Soa}>8tonGs, water-shales, &c. . . 70 U» 80 „ „ 

The entire statt’ consists of two men; and tlie con¬ 
sumption of material amounts to about COO lbs. of coal,* 
or one cord of wood, and eight to ten barrels of water 
per diem. 'J'he cost of a complete tool outfit is $200 (.£41, 
138. 4d.), and includes the following (see Fig. 50):— 


One 4.pinch liy 7-foot vacuum 
«uid-|)ump. 

One 8ub tup stem. 

One hollow stem. 

Two entire. 

Two core barrels. 

Two eJtrfccore grips. 

One swivel bead and weight 
bar. 


One core extractor. 

Tbr^ wooden pustiera. 

Five core receivers. 

One internal aud external bit 
• g»Vg«- 
One bit holder. 

Two tai^e wreuebeft. 

One* Binal} wrench. 
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The Emplc^ment of Water Current, and 
Recent Improvements in Boring.— A great trans¬ 
formation has l>een produced during the last twenty 
^years in the technique of boring, for though the employ¬ 
ment of the water current invented i)y Fauvelle goes 
back to 1845, it is only of late years that the systems of 
boring in wliich this mode of cleaning bore-holes is used, 
have been employed to great extent, and if they have 
not completely supplanted the old processes, they have at 
least made them lose much of their importance.' 

The greater depth to which it is necessary to go 
in search for minerals necessitating greater rapidity—in 
the interests of economy—and sureness in execution, has 
done much to improve the appliances in this department 
of mining, especially on the Continent of Europe, from 
which of late years many important improvements have 
emanated. The Prussian Mining Law of 18(i5 no doubt 
gave a considerable impulse to invention, in the direction 
of accelerating boring oiierations, for by this law was 
granted to the first discoverer of a mineral formation 
the .sole right of working the deposit. 

The supercession of the old dry method of boring 
by the .water-flush, the introduction (from England) of 
‘the diamond process, the invention of the rapid per¬ 
cussion systems with rigid rods and compensating springs, 
which have so largely replaced the free-fall apparatus, 
and, quite lately, the introduction of the hydraulic ram 
process, covers the history of modern boring processes. 

What is characteristic of all modern processes of 
boring is the employment'of a continual water current, 
which, pumped down fo the Imttom of the hole, rises to 
the surface again, carrying with it, owing to ifs rapidity, 

^ For an able review of (bis subject the reader is referr^ U> an article 
Mititled Lti Pne4Uh de \jy M. Aravid Keoier, in tbe Heme 

ViUverHtU da Minet, de la^HaUur^^ lie., Jaiiaai 7 1904. ,, • 
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the sediment produced by the boring,* and so contributes 
greatly to the augmentation of the rapidity of Wing, as 
expressed by the ratio of the total length of a hole to 
the time necessary to its entire execution. By the older 
methods of boring, the chisel exercises in the earlier 
stages the full effect of its blow; but tliis efficiency 
gradually decreases, as on the bottom of the hole there 
is formed a more or less resisting and elastic Ih*< 1 of 
sediment hindering tlie progress of the tool. When the 
effect of the tool becomes very weak tlie liolc has to be 
cleaned out, necessitating a considerable loss in boring 
time. 

It is in this rc.spe(!t that the great advantage in the 
use of a current of water is (svidenced, for as it continually 
washes away the .sediment, tlie boring tiMil, percussive 
or rotary, is being always ajiplied on a bare rock surface 
—that is, witli its greatest useful effect. I’here is another 
advantage, not at first perhaps apparent, which is secured 
by the use of this Hushing current im(iortant where 
boring percussivcly—the number of strokes per minute 
can be reduced, and it is possible to bore to a great depth 
w'ithout cessation. 

It is about twenty-two years since Baron '^an Ert- 
borii succeeded in boring 246 feet in thirty Jiours, without 
once drawing the trepan (chisel); but owing to recent 
improvements this figure has since been largely exceeded. 
In 1902 the SiXfiete Miniere H de forage Boniie-EHph’eiice 
deepened by 369’8 feet in twenty-four hours the boring 
of Meeswijck, which passed through alternating sands 
and clays, and the I-niei'mtiohxl Bohrgesell^haft (Ilaky) 
deejrened by 727'22 feet the boring of the No. 26 Bolder- 
lierg under the same condJtions. These are, of couree, 
very exceptional results, even for such soft strata as 
those penetrated. 

\^OL. I. 
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Another fact that contributes to th6 rapidity of 
execution is that the use of the water current allows of 
a reduction in the tubing operation, as it washes away 
the falliugs-in from the sides of the hole, which are some¬ 
times due to the pressure of the rock, and are sometimes 
caused by the beating of the rods against the side. In 
the older methods it was frequently necessary to carry 
the tubing well down as the hole proceeded, in order 
to prevent the latter being blocked up at the bottom. 
Another advantage secured—an indirect one—is tlie 
increased gain in the length of one section of hole, 
which in a given depth means that one is enabled to 
commence operations with a less diameter of hole than 
would be possible if the tubing had to quickly fol¬ 
low the boring, and so, in most instances, allows of the 
search for minerals being carried out to a greater depth 
than would be practicable by the older methods of pro¬ 
cedure. 

There is also greater facility of supervision, and the 
drill superijitendent is enabled to judge far more fre¬ 
quently, from the character of the constant outflow of 
sediment, the nature of the strata that he is traversing 
than is possible when “dry-boring.” 

Against the advantages lias to be put the disadvan¬ 
tage—-in some cases great—of having to procure a sufli- 
ciency of water. The writer has found this a matter of 
considerable difficulty when using a diamond drill in 
some parts of South Africa, and one has in such cases 
to conserve the supply as much as possible by using 
the water over and over igain, clarifying it by making 
use of settling ponds and decantation. 

If, in boring, a " water-sheet ’’—as in the case of artesian 
wells~is encountered, a considerable spouting of water will 
ensue, and the hole be spontaneously cleared if the out- 
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flow is sufficiently strong, though 
in this case it might be necessary 
to put in tubing without much 
loss of time, as otherwise, though 
rarely, subsidence of the hole may 
take place after some time. 

Where the piezomctrical level 
of a “ water-sheet ’’ is lower than 
that of the ground being bored 
through, the injected water is 
more or less absorbed, and if — 
cracks or joints in the strata are 
at all pronounced, a total loss will 
ensue, no water returning to the 
surface. The writer has experi¬ 
enced this difficulty, and overcome 
the same after a time by passing 
clay down the hollow rods with 
the injected water current, without 
having to resort to the tubing out 
of the hole. 

There are two ways in which 
the water current is made use of;— 

(1) The first and most ordinary 
one, and that to which the above 
remarks refer, is where the current ~ 
is injected through the tubes con¬ 
stituting the boring rods, and re¬ 
turns to the surface by way of the 
annular space between thewods 
and the side of the hole (see. 

Fig. 60, which represents s per- ki’o. «).-PcreuMivc Drilling 
eussive bo*er). witi. w.tcr.ii„.hing. 

(2) The second method is that in which the direction 
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of the current is reversed (Fig. 68), that is to say, the 
return current is tlirough the interior of the boring tubes, 
and thus, as will be presently shown, has, in some cases, 
tjie advantage of greater velocity, and is enabled to carry 
to the surface sediment of greater density or volume than 
when used in the normal way. 

All boring arrangements using water-flushing are 
composed of— 

a. The driving apparatus. 
h. The pump and connecting j)ipcs. 
r. The rods and their connection with the lengthen- 
ing arrangement. 
d. The top of the tubing. 

c. The injection water and e.xtcrior circuit, decanting 
basins, &c. 

(o) The driving apparatus will be considered under each 
separate method of boring. 

The pump is either a lifting or forcing one. Plunger- 
ram pumps being most frequently used when the feed 
water is muddy. 

(h) The outflow from the pump varies with the 
diameter of the hole. In great borings it reaches 50 to 
100 gallons, and sometimes even e.xceeds 130 gallons, per 
minute. 

The pumping pressure varies with the depth and the 
diameter of the hole and nature of the sediment—from 
75 to 225 lbs. per square inch, in the majority of cases, 
at about 2000 feet in depth, and as high as 375 lbs. j^er 
square inch at from 3000 to 3300 feet.' It is much less 
(30 to 90 lbs. per square bch) in the reversed current 
method. In any oase..a very large margin of pumping 
power should be allowe*! for as an emergency—falling in 
of strata, jamming of the boring tool, &c., may at any time 

* Vide M. Renier in tUo lievue UHtreredU da Mina {Jmuktj 1904), p. 47, 
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arise; in fact, in Imrings of any magnitude, one would 
be well advised in having a double pumping instollation. 
If worked by steam the pump should, in case of accident 
to the latter, l)c supplied independently of the driving gear. 

The CoupHiii/ Arraugement. —^I’hc conueiition of the 
pump to the bore-rods is through the medium of He.xible 
indiarubber hose, so as to allow of the movement of 
the rods, or, in the case of the reversed current, of tlie 
tubing. This part of the mechanism carries a metallic 
pressure gauge, and sometimes a safety-valve. By the 



TjpcR of Hollow Dorini; 1{u<!r. 
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former any obstruction in the hole retarding the circuil 
of the (iurrent is indicated, and the latter prevents an 
abnormal and dangerous pressure being reached, though 
the indiarubber hose is in itself a safety-valve. 

(c) The, Rodn .—^The rods are matle of tubes drawn 
together by screwed couplings {see Figs. 61, 62, 63, <>4). 
The inner wall, it will be 7)bserved, is smooth in most 
cases, so as to offer as little obst{uction as possible to the 
injected current. Figs. 65*and 66 represent more compli¬ 
cated and expensive types, but they allow of the use of 
a simple screwing-up key, the shoulder preventing any 
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dipping of the samft, when fastening or unfastening the 
rods; the use of the conical screw greatly expedites the 
process of joining up the rods. 

. In very deep borings the rods have to i)e in sets of 
different diameters, thus diameters of 2, 1|, and 1;^ inch 
is a common series for use in a deep hole with interior 
junction of'l^ and ^ inch. 

The length of rods on the Continent is usually 5 
metres (16 feet 4f inches). 

Junction of Rods to Water Pipe .—The connecting 
medium of the rods with the hose must be such as will 
allow of the vertical movement and rotation of the rods; 
the indiarubber hose allows of the vertical movement, and 
the swivel of the rotation. 

Fig. 67 illustrates one of the best types of swivel in 
use, which was designed by Verbunt and is known as the 
“Hollander.” It .serves also ns the suspension medium 
of the rods to the cable hook. The fixed part comprises 
two pieces, the curved part of the tube TT bound to the 
indiarubber hose CC, and the vertical part passing into 
a stuffing-box, carried by the movable part XX screwed 
to the top of the last rod. The second fixed part being 
the ring A A suspended from the hook by two stirrup 
straps, and aedng as a support for the movable part 
through the medium of a box of ball-bearings. Two rings, 
E and E, forming the nut and jamb-nut of the screw, 
secure a perfect connection of the ring A With the mov¬ 
able part XX. When the apparatus does not require to 
be hung the piece A is omitted. 

(d) The Head of the Tubing .—In the case of the 
normal current the head of the tubing does not call for 
particular mention. A plate With a central hole for the 
rods covers the top of the tubing, the diameter of the 
<$ntral hole being slightly greater than the coupling piece 
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at the junction of the rods, the object being to prevent 
the fall of material into the hole. A lateral overflow is 
provided for directing the flow of the water current and 
slimes to the decanting ponds. 

When it is a case of using the reversed current the 



top of the tubing is sealed, the rods passing through the 
seal by means of a stufiSng-box (see Fig. 68). 

(e) The Injection Water .—So long as it is not aci¬ 
dulated or ferruginous, the quality of the injection water 
is generally of little importance^ except that it is advis¬ 
able that it should be clear when it is a case of putting 
down an exploratory hole, in order that it may be possible 
to determine from the colour of the out-flowing current 
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the kind of rock bfing bored through. When prospect¬ 
ing soluble rocks, such as these containing potassium or 
soda, it would be necessary to use water saturated with 
chloride of magnesium or chloride of lime in order to 
obtain proper samples of the rock. 

Boring by Dredging.' —This method is only appli¬ 
cable to incoherent strata, such 
as sand and gravels. Sometimes 
the direction of the current is 
normal, as in the Danish method," 
l)ut more often it is reversed, the 
rods being terminated by an auger 
which accentuates the action of 
the current of water. The arrange¬ 
ment is shown diagrammatically 
in Fig. fiS. 

.\ftcr the e.xcavation of a 
shallow shaft, the first course of 
tubing is put in and provided 
with guides to assure the vertical 
direction of its descent. This tub¬ 
ing, smooth on the outside, carries 
at the lower end a eutting shoe, 
the upper end being covered by a 
special cap. The rods, which are 

terminated by an auger and sus- 
r 1 ( 1 . (IS. Botinp! by DrcdKing. attaclied tO a 

winch through the medium of a swivel, are rotated by a 
key or brace-head. 

The water current, which has a considerable outflow 
force, is engulfed into the auger carrying with it the 

' This is the ** Somlos a dragage ” of tho Frooeb, and the Spalschappe of 
the German l^orers. 

* This method only differs from that here dev^ribed in the omission of the 
auger and the difference in the direction of the current. 
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gravels and sands, and so causing the fermation of a cone- 
shaped cavity at the bottom of the hole, the walls of which 
are continually falling in, and allow of the continual 
descent of the tubing: occusionnlly, the action of the 
current is accentuated by turning the Intring tool. Force 
is apj)licd to the tubing if it sticks in its descent, but if 
it cannot be moved down it will be necessary to put in 
a column of smaller diameter within it. 

The process is slow, and often carries with it a quick 
reduction of the diameter of the hole ; nevertheless it has 
often been successfully re-sorted to when penetrating upper 
beds of gravel or of loose substance containing fragments 
of rocks, which a Ijoring chisel would only pulverise with 
great difficulty. 


lloRiNii nv I’krci'ssion 

The Boring Chisel.—1 ’here arc two kinds of boring 
tool used in the systems of j)ercussion drilling, the chisel 
and the crown ; the for¬ 
mer, usually made of a 
single blade, is by far 
the most generally used. 

The injected water es¬ 
capes by two channels 
and flows over the cheeks 
of the chisel at a certain 

height above tlw cutting os.—norin^ ciuKuit. wits WaiiT 

edge, or more rarely in chaimois. 

the blade edge itself (see C, Fig. 69), though this seems *a 
dangerous point for the outflow, owing to the ease with 
which the exit might be obstructed. In fissured rocks 
a cross-blrfded tool is used. • 

The Cyclone Drill Company of America have 
an ingenious type of bit in use with their percussive 
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drilling apparatus.* On either side of the shank of the 
bit is drilled a hole intersecting with one drilled down 
through the centre, and directly 
on top of the bit is placed a steel 
washer and ball, forming a valve, 
so that the action of rods and 
valve constitute a pump, the 
chips of rock as they are cut 
being drawn into the - bit and 
passed out through the discharge 
hose at the top, and the bottom 
of the hole kept clean (see Fig. 
70). 

Fauck’s Boring Appara¬ 
tus. —It is the practice of some 
contractors to closely follow up the 
boring with the tubing in order to 
no. 70, -Cijciono Percussive Bit. prevent the possible 

falling in of the sides, but if the enlarging of 
the hole for this purpose is made a separate 
operation it brings with it a considerable in¬ 
crease in the time occupied in the completion 
of the boring. For this reason it is prcfer- 
* able to put the enlarging apparatus at a cer¬ 
tain height above the main penetrating chisel. 

Fig. 71 shows Fauck’s’ eccentric trepan, the 
use of which allows of doing without a separate 
enlarging process. The tool possesses a stepped 
blade of a size slightly inferior to the interior Fio. 71 . 
diameter of the tubing, anil a presser with a 
spring projects the bhide, giving it an eccentric position, 

> Th« two Aattrian brothers, Henren Mbert and Horlts Fanok, hare done mnoh 
of reoent yesars towards porfeoting baring apparatus, and have patented several 
designs of driving meobanism and boring chisels. The arrangements described 
above are these whiob, in the opinion of the antbor, are the most effective. 
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so that the diameter of the bore is slightly in excess of 
the exterior diameter of the tubing. It i.s, however, 
better, if it is resolved to follow up the boring directly 
with the tubing, to use the crown Iwrcr and reversed 
current (Fig. 72). This 
tubular bit is composed 
of three parts, namely, 
the bit proj)er (k), tlie 
reamer carrier (/•,), and 
the connecting piece {k\) 
to be screwed into the 
tubular rod. The bit 
is provided with radial 
cutting edges (n) and 
(n') formed on its face, j, ; 
the diametrically oppo¬ 
site edges (Fig. 73), 
being longer than the 
edges («.') in order to 
prevent jamming of the 
bit. The reamer (k^) has 
reaming blades (o) (Figs. 

71 and 74) pivoted in 
suitable recesses in its 
sides. The headed pins 



Kuj. 72.—FauckV MuNow Tn'iuii 


(Oj) bear against shoulders (o,) on the bosses of the blades 
(o), and under* action of coiled springs (oj abutting 
against the screw plugs (oj, by which the bo-sses (oj con¬ 
taining the pins (Oj) are closed; these pins cau.se the 
blades to swing outward, and '^hen the drill is withdrawn 
from the hole they fold against th® reamer carrier (k) as 
soon as they meet the bottom edge of tlie tubing (ff), 
Fauck’s*improved “rig," patented towards the close 
of the year 1900, is showm in Figs. 75, 76. By means of 
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this mechanism, tiie percussion drill secured to the rods is 
alternately raised and allowed to drop again, a number of 
blows of short stroke being executed in rapid succession. 

. The “ rig ” is provided with a double driving gear, namely, 
a walking-beam and an eccentric shaft, upon which is 
loosely mounted a grooved pulley working in a bight of 
the suspension rope of the drill. As the rope runs to 
this pulley downward from a fixed point, and afterwards 
upward to a guide pulley arranged before the end of the 




walking-beapi, the stroke of the drill is double the throw 
of the eccentric, but as the walking-beam swings, this 
double stroke is increiised by nearly twice the stroke of 
the walking-beam. The weight of the rod.s is balanced by 
springs acting upon the walking-beam and the eccentric 
shaft. Originally an encased free-fall arrangement, of 
the Fabian type, was used*, but has lieen almost entirely 
abandoned in favouir of springs. This later develop¬ 
ment consists of an elastic suspension coupled with 
rapidity of stroke, so that the suspension' rods, kept 
just in a state of tension, spripg up after delivery of the 
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blow, and before they feel the effects ^f the shock. The 
number of strokes varies according to the depth of the 
hole, from CO to 120 per minute. When at rest the 
trepan or chisel will just not touch the Ijottom of the 
hole, but when the rajddity of stroke reaches a certain * 
point it beat-s the rockhead with every .stroke, hence the 
necessity for the rapidity of reciprocation. 



In the sectional side elevation of the rig (Fig. 75), 
the eccentric shaft (a) has loosely mounted tliercon a 
brushing (6), upon which is loo.sely mounted the grooved 
pulley (c). The rope {</), by preference a flat one, comes 
from the reel (c), whose shaft (/) eyries the toothed-wheel 
( 9 ) gearing with the toothed-wheel (i/) mounted on the 
shaft (A), which has also secured to it a worm-wheel (i) 
gearing with the worm (j), by means of which the roi)e 
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can be paid out or drawn in according to requirement; 
(1) is tlic walking-beam, (ot) the second guide pulley. 
Tlic stroke can be altered at will, there being three 
different bearings provided, (k) is a guide pulley mounted 
■ on the shaft (o) of the walking-beam, (ss) are volute 
springs enclosed in tubes (tt) which, by means of the 
hand-wheels (u, u'), can be put in tension. It will be seen 
that when the walking-beam is working, the pulley (m) 
in moving upward also acts upon the parte of the rope in 
front and rear of it, and thereby again increases the lift of 
the drill by nearly twice the stroke of the walking-beam. 

Now,, by other boring operations, having for their 
object the securing of a core, it is necessary from time to 
time to withdraw the rods to obtain the same, occasioning 
thereby much waste of time and labour. According, how¬ 
ever, to Herr Albert Fauck’s invention of 1898, this is 
avoided. lie noticed that when core-boring with per¬ 
cussion drills, the core gradually assumed a conical shape, 
in conseciuence of the wear of the inner surface of the 
tubular bit, and that if the worn bit was replaced by 
a fresh one, having the normal inner diameter, the bit 
got jammed upon the core, and afterwards the core 
was torn off by it, and this method of extraction he 
^ now carries out in regular practice. 

In Fig. 76 it will be observed that the rope D is con¬ 
nected by means of the stirrup Bj to the tubular drill-rod 
I, which enters the tubing J through the,, stuffing-box Jj, 
made integral with the cap Jj, which is screwed upon the 
top section of the tubing in order to tightly close it. 
This cap is provided with e nozzle J, to be coupled with 
the hose L, through which a stream of water is forced 
down the tubing or casing ^of the hole, and* ascending 
through the tubular bit and rods, carries along, with it the 
sections of the core, which are prevented from clogging 
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by the continuous shaking of bit and ro^o. 


The vessel M 


receives the por¬ 
tions of the core 
so carried up, and 
the hose L carries 
off the water. When 
not forcing up a core 
the water pas.ses 
down the rods in 
the usual way, the 
bottom of the hole 
being constantly 
flushed. The type 
of water swivel 
used with this aj)- 
paratus is shown 
in Fig. 77. 

Herr Fauck's 
system of boring, 
known as the 
“Rapid,” is the 
property of Trauzl 
and Co. of Vienna, 
and has been ex¬ 
tensively used in 
Galicia, Austria- 
Hungary, Russia, 
&c., both in boring 
for coal and petro¬ 
leum, at depths up 
to 2638 feet, and, 
which is • remark¬ 
able, up to^^ 1048 



feet with hand bor- ™ -Kauck’» Boring Apparalua 
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ing. The numbei; of strokes, which can be made as short 
as I inch, are capable of being increased to 250 per 
minute, and the average rate of ad¬ 
vancement varies from 46 to 65 feet 
per twenty-four hours, and in unusual 
cases has attained 98| feet, though 
these rates would be much diminislied 
if the descent of the tubing was made 
simultaneous witli the boring, necessi¬ 
tating, as this would, the use of the 
enlarging tool. 

The Reinpreussen Apparatus, 

patented by Trauzl & Co. (1898), has 
achieved remarkable results. In this 
apparatus the reciprocating movement 
of the cable is realised by the oscilla¬ 
tion of the drum and winch, on which 
it is directly rolled (Figs. 78 and 79). 
To effect this the rotating motion of 
the arm worked by a strap from the 
“ locomobile ” E is transformed into an 
alternating movement by a mechanism 
com{K)8ed of the connecting rod m of the lever I, 
and the connecting rod K. In order to allow of the 
winding of the cord and permit of the progress of 
boring, the connecting rod indirectly works the drum. 
It commands the collar B lying against an endless 
screw A, which works into the helical gear r fixed 
on the drum, and moving in a cavity arranged in the 
collar. The rotation of the drum can therefore be pro¬ 
duced independently,of the collar, and the rods raised 
and lowered. An arrangement whereby the rods are 
counter-balanced and the impeller assisted is shown : the 
collar B is workc<l by the rods of a plunger-piston K, 



Kio. 77.-- The Traiul 
WttUT Swivol. 




IG. 78.—Plan of the Reinpreoseen Boring Engine. 
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moving in the cylinder C, the pressure on the piston is 
regulated at will from the steam from the boiler. The 
collar consists of two pieces, and, opening it, the screw 
A is joined to the helical wheel r. The drum worked 
by the one or the other of the gearings acts then as a 
winch. 

In the northern end of the Ruhr coalfields, in the 
neighbourhood of Recklinghausen, two holes were put 
down, one to a depth of 1640 and the other to 1968 feet. 



In one of the.se the average rate of boring was 106 feet, 
n and in tne other 157 feet, per twenty-four hours. 

The Raky System of Boring.— This system of 
boring has gained great repute from the remarkable re¬ 
sults which it has furnished.' By it was sunk the deepest 
bore-hole in Belgium, viz. that at Gheel, No. 35, which 
attained a depth of 4071 feet. 

Figures published at the time of the Dusseldorf Exhi- 
. bition (in 1902) show the following: ’— 

> For an admirable account of this .>i 3 r 8 tem of boring; see the article in the 
Jtetme Vnmrttiii d«$ Juljr 1896, by M. Martin Bubrbanck, entitled NcU 

it procidd tie tonAagt du S^/rteme JRakp. ' 

* The meaanremeuta, which were given in metres, have been converted into feet. 
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1 
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ill K«vl. 

Aversfe 
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1 

I 
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j 
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aa to iitii 

7(1? 

MH 

H14to;iK75 
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! 

au} .. nil 

Ill 


722 .. :i2K4 ' 

Belgium . . . 

1 ^ 

r,v. ., laiij 

82 

;h;«j 

ifiir. „ 2!s:n| 


I 


The value of these figures,' liowuver, is soniewliat ile- 
preciated Ity the fact tliat both percussive aud rotary horing 
were employed, the latter always the slowest, and no dis¬ 
tinction was made when noting the rates of progression. 

Fig. 80 represents the surface part of the appa¬ 
ratus, which is all that calls for description. B is the 
walking-beam suspended by a frame at the cross-picctc 0. 
which is itself supported by the two rods TT inversely 
screwed at their upper ends, and resting by the nuts E 
on the movable cross-beam or breast-summer M, between 
which aud a second cro.ss-beam N which rests on the frame¬ 
work are a series of strong steel .spiral springs (HO to 40) 
R, which render the bearing elastic. 'I’lie boring rods t, 
made of 2-inch Maunesmann tubing in 5 m. (10 feet 5 
inches) lengths, are held by the keys K and K', wfiich rest 
on the walking-beam by a joined plate/t, anef their weight 
is counterbalanced to some extent by the weight h. 
The point of application of the connecting rod is near 
h, the oscillation given by it being amplified by the 
springs. For the system to be effective, however, there 
should be a rather considerabU weight of rods at work. 

The gradual lowering of the^jods as the work of 

* Aooordio^ to M. lUbets, Profettieu^ d la PaoalU^Twhniqw in the Univereitj 
of LH%e, 18 to 20 m. of boring per twentj'fonr honn 1 b aROal in borings of 400 m. 
depth, throagb*shaft strata, but this in reduced to 7 m. in coal measure rooks, 
and average does not exceed 2*50 m. in bard sandstone. 
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boring proceeds, is^made by the aid of the keys {-which 
are shown in Figs. 81 and 82). The gland in whicli the 
clamp turns is provided with cheeks and screws for fixing 
the rods in any position, and a handle to the clamp 
enables the foreman to turn the bits round. The lowering 
of the rods, without stopping the boring, is carried out 
in the following manner. Each key is composed of two 
similar parts held by a joint on the one hand, and by a 
closing device on the other. Each of these parts is com¬ 
posed of a support, and a jaw m moving in that support, 



' the movement of the jaw being governed by the lever t, 
through the medium of a screwed rod, as shown. Now 
the threads of the screw of the jaws are contrary, so that, 
if the clamp be locked, a rotating movement in the 
same direction given to both levers has the effect of 
withdrawing or approaching the two jambs. The clamp 
being locked on the bore-irod, a short quick movement 
suffices to loosen it. '1?he clamps are at right angles, the 
upper one differing from ther. lower one in that it carries 
in four cylindrical cavities in the support four smali 
rods r, with pistons working against springs (see Fig. 82, 
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which represcDte a section in which the upper clamp b 
omitted for the sake of clearness). The studs or pins 
project for a distance of 1 to 2 e.m., and when the bit is 


c t 



to be lowered a little, all that is necessary is, the lower 
clamp being locked, to lock the upper clamp which is 
held up by the studs, then releasing the lower clamp the 



ITig. 82.'-Clamp used in lowering Kods with Raky Drill (Section). 


weight of the boring rods heirs on the springs and com¬ 
presses them, bringing the two clapips into closer contact; 
the lower'clamp is then locked, and the upper one re¬ 
leased, and at once rises owing to the expansion of the 
springs by from 1 to 2 p.m. The handles serve also as 
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brace-heads for tvfrning the rods. They can, however, 
only be employed for the smooth part of the rods. For 
the passage of the screw joints the following contrivance 
is resorted to. The top of a rod having reached the 
clamps, the rods T (Fig. 80) which support the cross¬ 
piece 0 arc simultaneously lengthened by the rotation of 
the handle wi, the endless screw V governing the rotation 
in a contrary direction of the nuts E, so producing the 
lengtlicning of the rods T. After sufficient advancement 
this is .stopped, the rods are suspended by the winch 
cable, the elamp relieved refixed above the screw joint, 
the walking-beam raised, and the boring proceeded with. 

When it is necessary to raise the column of rods, the 
walking-beam is slid back into the frame. 

It must be rcmemlrcred that actual boring does not 
commence until the springs against which the walking- 
beam acts have been put into a state of oscillation. The 
contact of chisel with the rock-head is of extremely short 
duration, which allows of a great number of strokes per 
minute—80 as against 30 with rigid rods with free-fall, 
and 60 in the Canadian method. 

In the year 1896,' in a boring for petroleum at Gun- 
stell, in,^ Alsace, twenty-six working days were occupied 
in erecting the plant, and 332 hours were absorbed in 
actual boring to a depth of 1304 feet 6 inches, and it 
took 91 hours to tube out the bore-hole. The speed, 
therefore, of the boring was nearly 4 feet jrer hour, and 
the cost, including wages, repairs, material, and transport, 
but no capital charges, was about 3s. 4d. per foot. 

The Vogt Systenf of Boring, patented in 
Germany in 1897, is w;ery similar to the Raky, the chief 
point of difference being the somewhat altered arrange¬ 
ment of the walking-beam springs. 

> eatfkau/, ISSti, vol. j)p. 225-232. 
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Other Continental systems are the VerJnmt, in which 
there are no springs, patented in Germany in 1902, and 
the Hackenburg, which differs largely from those already 
described, but, as it does not allow of counterbalancing the 
rods, is not under ordinary conditions effective below 300 to 
350 m., though remarkable results have been obtained in 
penetrating Tertiary rocks, holes having been advanced by 
more than 328 feet (100 m.) in twenty-four hours. The ap¬ 
paratus is, however, complicated and difficult to supervise. 

Boring by Hydraulic Shock.— Although in the 
majority of cases, where boring is performed through 
the medium of rods, the great weight of the rods is 
counterbalanced to greater or less extent, yet the 
putting into motion of the mass necessitates a consider¬ 
able expenditure of energy, which is largely lost, being 
chiefly absorbed by the friction due to the rods rubbing 
against the sides of the hole, which has the effect also of 
weakening the lateral support of the hole. Furthermore, 
the importance of the masses in motion limits the rapidity 
of the stroke, whereon depends the useful effect of the 
boring apparatus, and the vibration of the rods tends in 
the long run to produce their rupture. In hydranlic-ram 
boring, however, the hollow rods or tubes beipg station¬ 
ary, except for the turning movement and occasionaf 
lengthening of the rods, they suffer little or no shock. 

The Wolski and the Frieh Boring Apparatus. 
—This appar&tus, the property of the German Deep 
Boring Company of Nordhausen (Deutsche Tiejhohr- 
Aktiengeselhchafl), and shown by them at the Li^ge 
Exhibition of 1905, is wdtked on the hydraulic-ram 
principle, a number of borings ^tn’ing been executed by 
it with very satisfactory results. 

The principal parts of the apparatus are illustrated 
in Figs. 84 and 85. 
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Herr Wolski' explains the action of his boring-ram 
by Fig. 83. A stream of water being sent by the pump 
through the tubes will at first rush out freely through 
the open valve W. But when the stream has attained 
a certain velocity it will exercise such a pressure on the 
valve plate from above that the resistance 
oifered by the spring will be overcome and 
the plate be thrown with force against its 
seat, the column of water in the tubes V 
will be suddenly stopped and the tool 
driven down by the .shock compressing the 
spring Z. On the exhaustion of the kinetic 
energy of the water eolumn by the work 
done a reaction follows, the buffer springs 
Z again expanding the column of water is 
thrown back in the tubes V, and the pres¬ 
sure of the pump (or the air contained in 
the air vessel) is for a moment neutralised, 
the valve plate opens, the bottom of the 
hole rinsed out, and the action of sudden 
compression again repeated. 

One valve plate, one piston, and two 
springs constitute the only movable parts, 
and for narrower dimensions of hole a single 
elastic steel-lamina (similar to the tongue 
of a reed pipe) may be substituted for the 
Kio. H3.—Diagram valve plate and valve spring. 
fh^AotiOT^Hy- The effective pressure working the pis- 
<muiio Boring, jjyjj cutting tool is not the pressure 

.caused by the pump, but the five or ten times greater 
pressure of the water ohock; its surface can be made five 
or ten times smaller, which goes far to solve the' difficulty 
of the narrow width necessary in deep borings. 

* “ The Hydianlh) Ram-Boring Appaiatna," by W. Woleki. 
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A piston 3'1 square inches (20 sq! cm.), 1'9685 inch 
(50 mm.) diameter, gives an effective pressure of as much 
as 4409-2 to 8818'4 Ik. (2000 to 4000 kgs.). 

In a boring apparatus using moving rotis the mass 
striking the bottom of the bore-hole with small velocity 
is 1100 to 3300 lbs., whereas with tlie hydraulically trans¬ 
mitted force the weight of the moving mass is only from 
about 66 to 154 lbs., but the rapidity of stroke is very great. 

The two factors’ that govern the force of the chisel 
blows are the valve ailjustment—as the velocity of the 
water at the moment of shutting the valve is identical 
with the stroke velocity of the column and so determines 
the pressure of the piston—and the length of the striking 
column, which defines the duration of the pressure acting 
on the piston. The latter is determined by the distance 
between the striking-tool and the air-ves.sel, for the air- 
vessel constitutes an clastic part yielding to pre.ssure, 
and so forms an interruption in the column of water of 
homogeneous elasticity, causing a reflection of the waves 
of eompre.s8ion. 

Fig. 84 represents the arrangement of the deep-lmring 
ram. The valve seat is a steel cylinder with a central 
hole and a row of parallel holes around it, all nf which 
are simultaneously shut (or opened) by (j thin clastic ’ 
steel-plate ring. The valve spring works in a cylindrical 
widened groove of the valve seat; its effect can be 
strengthened of weakened by putting under it thin steel- 
plate rings of various thicknesses. A short central tube 
acts as guide for the valve plate, and two displaceable 
check notes on it form its up^r stop. 

The valve king open the wqlftr flows through the 

row of hofes, through the mantle tube and the bore-shoe 

« 

' Herr W. Wolski, jn his paper on the “Hydranlio Ram-Boribs Apparatne." 
ooiu|den the eahjeot terj clearly f(o "; mathemat'—’ -a—i—i 
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to the chisel, and‘clearing the bottom of the hole, rises 
to the surface again. When the valve is closed the 
pressure of the water shock is spread through the valve- 
guiding tube into the working cylinder, a tube of chilled 
steel, in which the piston plays. 

The bit is an eccentric step chisel attached to the 
piston-rod by a ball and socket joint to obviate shaking, 
the cylindrical part being guided by four ledges in the 
interior of the cast-steel bore-shoe, its flat part playing 
in a slit of the bore-shoe. 

The back-lifting springs rest on the I)ore-shoe and 
pre.s8 with tlieir upper part, by means of a short bit of 
tube, against the piston. If, therefore, it is desired 
to draw out, e-xamine, or change any of the parts con¬ 
nected with the cliiscl or the piston or its leather pack¬ 
ing, all that is necessary is to unscrew the bore-shoe. 
The screw joints throughout are conical, and the stroke- 
tube, with its thick walls, is also compo.sed of parts with 
conical screw joints, and has a total length of 10 to 20 
metres (32'81 to 75'62 feet). 

Fig. 85 shows the most approved form of air-vessel. 
The wall of the tube is perforated by a great number of 
very small holes A, which are covered by an indiarubber 
hose B fastened at both ends, the whole being contained 
in a steel tube C hermetically closed at both ends. 
Air is pressed into the space between the steel mouth 
and the hose by means of a small valve* D to a certain 
pressure. During boring the hydraulic pressure (hydraulic 
pump pressure) and the pressure of the inclosed air 
act and re-act against each other, the indiarubber now 
expanding and now "Ijontracting, constitutes the elastic 
separation between the air arffl the water space. 

If cores are desired they can be obtained by using 
striking crown in place of a chisel, and some oj(her 
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slight modifications, such as a fixed central core tube of 
considerable length. 

The rapidity of blow attains to 12 strokes per second 
with the Howarth and Wolski motors, and from 80 to 
100 strokes Pruszkowski’s motor.' 

In some trials made on blocks of hard sandstone 
the Wolski apparatus bored '65 metres (2 feet inches) 
per hour under a pressure of 12 atmospheres, and with 
a water consumption of 5 litres (about 13| gallons) per 
second, the diameter being 8 inches. In soft sandstone 
the rate was 7 metres (22 feet inches), which are 
very remarkable results. 


Rotary Boring 

Rotary boring apparati arc composed of three prin¬ 
cipal parts:— 

1. The driving gear. 

2. The rods. 

3. The drilling apparatus. 

The rotation of a crown attached to the bottom of 
the hollow rods acting by attrition wears away or cuts 
an annular hole in the rocks, and so forms a central 
• core over which the hollow boring-rods pass, and which 
is ultimately broken off, being retained in the core barrel 
intervening between the cutting crown and the rods, and 
is brought to the surface when the rods are raised. 

The great advantages that rotary boring processes 
possess over the percussive methods are, that the crown 
being continually applied is cutting, the driving force is 
more economically utilised than in boring by percussion, 
and (undoubtedly the ch'ief advantage) that when penetrat¬ 
ing compact strata the rotary systems provide, as cores, 
* Berui ViUtmtUe dt* Jlfinei, 1904* p. .73. 
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very complete sections of the rocks penetrated, these cores 
being far superior both in respect to the proportion of 
rock obtained and as to continuity of operation, to those 
which the annular trepan gives in the percussive methods. 
In the earlier stages of the rotary systems considerable 
loss of cores was occasioned, owing to tlie inefficient 
retaining apparatus, but this has been so {)erfected as 
to practically obviate such loss when Imring in fairly 
firm strata; but wlien passing through shalcy rocks 
or marls, which easily disintegrate, it is seldom that 
any but a small proportion of the actual section is 
retained as core, so that although when boring through 
hard and highly siliceous rocks the internal diameter of 
the crown may be very small, when penetrating rocks of 
a softer nature the larger the diameter the higher will 
be the percentage of core obtained. In fact, it has been 
estimated that this cohesiveness of the rock is propor¬ 
tional to the s(juare of the diameter of the core. For 
this reason it is seldom advisable to make a hole of 
less than 3 inches diameter when boring in coal measures. 
The three commonest ways of boring by rotation are 
with— 

(1) The diamond borer. 

(2) The serrated steel crown borer (Davis calyx • 
system). 

(3) With chilled steel shot. 

The use of> the diamond was first successfully used 
for drilling purposes by M. Ije.schot, a French engineer, 
for making blasting-holes in the St. Gothard Tunnel, aif<l 
the type of crown which he then made use of has been 
little altered since. • 

The Diamond Drill*— The* gfeat advantage this 
drill possesses over others is that it drills a sm 9 oth hole 
in a vertical, on inclined direction, and provides, at the 
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same time, a mor« or less complete section, as a' core, 
of the strata penetrated. The drill consists of a column 
of hollow iron or steel rods screwed together, in the 
American and English patterns, usually in 5 or 10 feet 
lengths, and in continental practice usually in lengths 
of 5 metres, rotated by an engine through a shaft and 
gearing, and fed forward either by gravity, screw, or 
hydraulic action. At the lower end of the rods is 
placed thii bit or “crown” (Fig. 86) studded with black 
diamonds (borz, lion, carbonates, or carlions). A current 
of water forced down through the hollow rods washes 
away the sediment and keeps the diamonds cool, which, 
as the crown is usually rotated at a rate of from 90 to 125 
revolutions per minute,' is very necessary. At intervals, 
usually after drilling 10 feet, the rods are withdrawn 
by means of the hoisting winch, and the core extracted 
from the core barrel. 

Fig. 87 illustrates the form of drill coinmoidy adopted. 
On the Continent, especially in (lerraany, the diameter 
of the crown varying between 12 to 17 inches, whilst in 
the American and British patterns the former figure 
often constitutes a maximum. The number of diamonds 
is usually six in crowns of 2 inches diameter, and eight 
.in sizes'of It, 4, and 5 inches, whereas from ten to 
twelve arc u^ed in 7-inch crowns. 

The circulation of the water through the crown is 
facilitated by three to eight grooves channelled in the 
interior as well as the exterior surface. The crown, which 
is* always only a few inches in lieiglit, is screwed into the 
core barrel, of which the exterior diameter is slightly 
less than that of th® crown, in order to facilitate the 
passage of the water current ^nd the mud, and'its length 
is generally from 20 to 30 feet, though it is seldom that 

. t > And Bometimei even ae high ne SSU revolnUont per .minute. 



LATER DEVELOPMENTS IN BORING 
it is possible to continuously bore tjiis depth. 
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Fig. 87.—Diamond Drillings 
Apparatus. 
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given this length jn order that it may serve as » guide 
to the borer and assure the rectitude of the hole. 

Between the core barrel and the crown is placed the 
arrangement for holding the core; it usually consists of 
a split or expanding ring w'orking on a conical seat, as 
in Fig. 87, and 4, 5 and 6, Fig. 88. So long as the 




Kill. SH.~Tyj)C« of ISulUvoii Uore«lift«rK or Holders. 

1. Bevid curc'sheU; 2. Straight core-Kheil; 3. Special shell and 
wire-siiriiig core-lifter; 4. “CoRHette” core-lifter; 5. Sheet 
steel core shell; 0. Standard “spill ring." 



cutting tool is pressed against the bottom of the hole 
and the core is passing up the core barrel, the position 
of the split ring is in the l^ger diameter of the seat, but 
when the rods are raised the ring is pressed down and, 
contracting, holds the tore fast (Fig. 86). The fods which 
are attached to the core barrel through the medium of 
a reducing piece are of a diameter usually less than in 
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those cases where hollow rods are used in percussiVe 
boring, as they are not subjected to the same shock or 
vibratory action. They terminate in a swivel, which also 
sometimes serves as the junction with tlie suspension 
cable (see Fig. 87, and (4), Fig. 89). 

British and American Types of Drill.— Figs. 
90 and 91 represent the surface {>lant of the American 



Fio 89. • 

1. Gomroon water swivol with ^Icam luhricatores; 2. Gomroon water 
swivel; .'1, Improved hall-boaring water swivel; 4. S{R!ciai 
combined water swivel and hoisting plag. 

• 

(Sullivan) type of drill, that shown in Fig. 91 being 
capable of drilling to a depth of 3000 feet, and giving h 
core fg inches diameter, is v«y largely used all over the 
world. This drill has bored a bole 3350 feet deep without 
it being fotind necessary to ^unterbalance the rods. 

In theAype shown in Fig. 91, the advance o/ feed of 
the is secured through the medium of a single cylinder 
TOI. I. ’ K 




t Kp. 90.-^Ulvan DUunond CnrMrUl with Screw FricUon Feed. ** 
6 « C^peoHj, 1(K)0 diameter of core, || 
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hydraulic piston, the action of which is^made clear by the 



Kio. 91—Sullivan Diamond Core-drill with Hydraulic Feed. Capacity, 
3000 feet; diaiuetcr of core, inclteB. 

f«*; n. CSuek; E. Bevel wheel etUebed 


sectional sketch, Kg. 92. In this, A is a hydraulic cylinder. 
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Fio. 92.—'SvotioD^ View of Sint 
Hydraulio Feed Meol 


in which moves the' piston 
B, attached to the piston 
rod C. E represents a tee 
by which connection is 
made with the pump on 
the right-hand side, E on 
the left-hand side being 
the water - escape, the 
water being let in and 
out through ports and the 
brass tubes F. 1 and 2 are 
inlet valves, 3 and 4 being 
outlet valves. When 1 and 
3 are open, 2 and 4 being 
closed, water is pumped in 
above the piston and es¬ 
capes from below it, so the 
piston will move down¬ 
ward : when 2 and 4 are 
open and 1 and 3 closed, 
the reverae is the case. 
By closing 3 the. feed is 
instantly stopped. G is 
the thrust-plate to which 
the upper end of the pis¬ 
ton rod is screwed, H 
being another thrust-plate 
connected to the former by 
ffleans of studs. Between 
these plates are, on each 
side of the collar, two sets 
of friction-ball*roller bear- 
stogi« (^iiH)er ings I of the drive rod J. 
ihadsis. j|. jg through this collar 
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that tbe vertical motion of the hydraulic piston is trans¬ 
mitted to the drilling bit. The rod J is driven by the 
mitre gear K. The boring-rods piss up through the 
drive rod to which they are damped by the chuck L 
screwed into the bottom of the drive rod. The rotat¬ 
ing drive rod moves freely through the mitre gear, 
the feathers of the latter sliding in gwKjves in the 
former. By means of the hydraulic apparatus the feed 
may be increased, diminished, or reversed, wliilc the 
drill is running. All shock, such as would occur, for 
instance, were a cavity struck, is prevented. Pressure 
gauges on the supply and discharge jiipes indicate the 
variations in the pressure on the bit. 

The hydraulic feed is best adapted when the boring 
is through soft as compared with hard sandstone, so the 
screw or friction feed has been designed to meet cases 
where a positive uniform rate of advance, regardless of the 
hardness of the rock, is desired. It (;onsists of a system of 
jdifl'erential gearing, which is friction driven. The motion 
Tfrom the spindle of the drill (G, Fig. 90) is communicated 
in the following manner. EE,E,, are connected with the 
bevel wheel C, so that when it rotates tliey move in like 
manner. The gedred wheels FF,Fs are loose upon the 
countershaft H, but any one of these can be^fixed fast by 
putting the clutch I into action. J is a toothed wheel fixed 
to the bottom of a feed nut K through which the feed 
screw B works, tso that when J is rotated it causes C to 
move upwards or downwards according to the direction 
of rotation, and L is a similar wheel to J, into which it 
works. 

In feeding, that is to say, when one of the toothed 
wheels "FFi or Fj is clntchedi^say, F-^E rotates F which 
turns L, vshich works J, and so operates the screw feed. 

■J: If EEiE, hate a few more teeth than FF,Fi, a single 
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revolution of E will cause F to majce more than one 
rotation, so that J will also rotate faster than B, and B 
will slowly descend. By means of this system a positive 
and uniform rate of advance, ranging in different machines 
from sV to of an inch to each revolution of the bit 
can be given. In the illustration it will be observed that 
three different rates of advance are po.ssible. M is a 
thrust indicator, a gauge which is graduated up to 5000 
lbs., and shows the amount of pressure c.vcrted on the bit, 
so enal)ling the boring superintendent to determine when 
the drill passes from stratum to stratum of varying degrees 
of hardness. N represents the drum of the hoisting 
apparatus, round which pusses a steel wire rope for raising 
the full weight of the rods. This drum, which is con¬ 
trolled by means of a jwwerful wood-lined brake, operated 
by a hand lever and screw or cam, and adjustable for 
wear, is capable of being ea.sily put in and out of gear. 

Figs. 87, 90, 91 show steam-driven drills, and Fig. 93 
a hand-worked drill, the latter for boring to shallow 
depths. Electricity, compre.s.sed air, or gas-engines are 
also sometimes used for driving diamond drills. 

The capital cost of the drills would be almut as 
follows:— • 

Sullivan Improved, CIukx “/f,” Fig. 91, capable of* 
boring a inch diameter hole to a depth* of 3000 feet, 
and giving a core Ig inch diameter. Keejuiring 15 horse¬ 
power to drive the drill, with hydraulic feed, would cost in 
America, with partial equipment, about £583. 

The Haivd-powvr ''Bravo" Typie, Fig. 93, capable 
of drilling to a depth of 354) feet a 1 inch hole, and 
giving a core j j inch diameter ^ith screw feed, costs 
in Ameri(!a about £83. 

The Sullivan Company have designed the ingenious 
device illustrated in Fig. 94 for protecting the core, when 
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pBssing through such soft material as*coal, from the de¬ 
nuding action of the water current, and the constant 
rubbing of the rotating core-barrel. It con8ist.s of a 
double casing; tlie outer one being attached to the drill 
rods, rotates with them, carrying with it the diamond 
crown and the core lifter, whilst the inner easing being 
suspended on ball-bearings remains stationary; the core 
therefore is protected from constant rubbing, and the 
water is conveyed to the bottom of the liole through 
the channel between the two casings. 

Fig. 95 e.xplaius the .several stages of “ setting ” a 
diamond bit: 1 is the blank bit, the positions to be 
occupied by the carbons being shown marked off on 2; 
in this case there are eight equal divisions, a. Having 
marked oft' the positions, suj)po.se it is intended to set an 
outer diamond, a hole z is bored in from the side of the 
bit with a breast-bit, and a seat for the diamond carefully 
cut out with a small chi.scl as in .‘t; the cavity being 
correctly formed, the carbon is placed snugly in it (4), 
and by means of caulking-chisels and dull-pointed punches 
the metal is drawn up round it by making a cut about 
•| inch distant, on either side of the stone, and then 
caulking with the dull-pointed punch. Care #iu8t Iks 
taken not to hit the diamond, for though it s^ill with.stand 
very considerable pressure, a slight blow will shatter it. 
Copper is sometimes used for caulking up the stone. The 
amount of clearance necessary varies with the character 
of the rock; for Ijoring through hard siliceous strata a 
clearance of inch on each stone will suffice, but ^ or 
more is necessary in the case*of soft rocks. The stones 
being set, the water grooves, sho^^if in 6, are cut across 
the face anS down the innersand outer sides of the bit. 

Remarkable results have been obtained by diamond 
drills; the Class *“ P ” Sullivan Drill, the rated capacity of 




Fio. 95.—A Diamood Bit in the several Stages of being *• Set.” 
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which" is 4000 feet, lias bored holes in South Africa to a 
depth of 5560, 5582, and 6340 feet. In the case of the 
5660 feet liole whicli was put <lowii at Doorkloof (Trans¬ 
vaal), fourteen months were absorbed in drillinji;, a working 
day Iteing twenty-four hours. For the first 700 feet a 
2-inch core wa.s extracted, the total weight of the rods 
being between 15 and 16 tons, and they were hoisted in 
50 feet lengths, a 66 Feet tubular steel derrick being used 
for the purpose. Towards the final depth from .seven to 
ten hours were consumed in raising and lowering the rods. 

The particulars of tlie cost of the prineijial |)arts of 
this drill are as follows:— 


1. “ r ” tliill ami equipment .... . . |4:K)0.()0 

2. 2r) Itoiloi imMiiiltnl ou wlittil.s "‘ilh injf'itii ami 

coiujilete 58r>.(K) 

3. 1 fi|H.*('ial duplex steam pump, nl/e 7x4A x lo . . . 225.00 

4. )(lif fuet, 2-'im'h suction lio.se, cohiicctioiiH and strainer, 

with union.lo.Ott 

5. 2800 feet extra drill i-od.s, size “ N ” (10-fcct sectioii.s), 

3000 feel witli those in u«|uipinent, at . 2800,00 

6. 24 extra Idank Itilf*, size “ N,’’ al $1.76 42.(K) 

7. 0 extra core liftem, si/e “ N,” at $3.16.18.90 

8. 4 extra core shelln, size “ NV'»t $6.t»0 .... 20.00 

9. I cross chopping hit, size “ N ”.10.00 

10. 100-feet drive pij>c (or staml pijie), inches, at $1.26 126.tK) 

11. 1 steel drive head, »ize 4Hnches ..11.00 

12. 1 steel drive shoe, size 4^ inches.•. 11.<X) 

13. 1 drive pijKj chopping hit, si/c 4A inches. •- • 7,60 

14. 1 pair drive }ii]ie damps, size 4i inches.8.00 

15. 1 cast iron drive block, Mcight 650 Ihs.21.00 

16. 200-fcet casingpi])c, size 3 inches, style Hush coupling, 10 feet 

lengthy af 9,6 cents.l!g).00 

17. 20 }>air ]>rotecto>s for 3-incli casing, at GO cents 12.^H> 

18. 1 pair casing piia* clamjis, .size 2 im hes.0.(1) 

19. 1 Vu^hing rods to 3-inch casing.4.00 

20. I improved long reamer, size 3 indies.38.00 

21. 1 extra n'anier face, size 3 inches . . ^ . . . H.U0 

22. 1 ]dpe ciUter, cutting pipe to 2 inches di%nieter . . 2,2.6 

23. 1 set pipe stocks and dies, tlirsnding pipe j|-inch to 2-inch 

diavietei'.14.00 


24. 2 No. 14 cliaiii tongs.17.50 

25. ^2 jack screw* ^.14.00 
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26, 1 each 7-inch single and double blocks, with 100 feet of 1-inch ' 


Manila rope. 3.00 

27. Ifi feet of l-incb chain, with hook and ring .... 4.00 

28. 1 flue cleaner, poker and ash hoe; supplied onl; with boiler . 8.25 

29. 1 shore], 2 crow liars, hand saw, flies, and cold chisels . . G.OO 

30. I sledge, pick, auger, and axe, with handles .... 3,r>0 

31. 1 lot of small pipe, valves and filtings; extra packing and 

waste.25.00 

Total price, without carbon, F. 0. B, Chicago . . $854290' 

32. 1 set carbon, 8 8tone.s; weight 20 carats, at-. (Price 

of carbon, which varies considerably.)* 

.33. iSetting carixin in one of the above blank bits .... |8.00 

Packing and lioxing for ocean shipment, extra . . . 100.00 


Total weight of drill and outfit "S above, about 44,800 pounds. 


Other Types of Diamond Boring Machines.— 

Fig. 87 represents the ar¬ 
rangement which is gen¬ 
erally adopted by German 
borers. The pair of mitre 
wheels as well as the axle- 
tree of the driving gear, 
and the mechanism of 
putting the apparatus in 
and out of gear, is carried 
by a carriage. When the 
rods have been lowered 

place by the aid of screws 
andlockedw The rods pass 
freely through the driv- 

Fl‘o. 86.—Salety-olamps tor holding Boring ing ■ wheel, the rotary 
Rod. at th. 6nrtace of the Boro-hoic^ ^^^ion being transmitted 

by a sliding block (fl) of two pieces fastened to the 


' Say about £1780. * 

■ Previons to 1880 th« prioc per carat of rariom ranged from gs. to 4Qs. In 
1890 Klabedey Sort or Am cost 60s. per cant, and U Iw been mnoh hi^ier 
: than this. The present price (1906) of Bnailip oarbont Is aboat 375s. per ouat. . 
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^rod by means of two strong bolts imi^ng the two pieces, 
‘the block being supported by two vertical guides (bb) 
carried by the wheel. In order to counterbalance the 
rods and relieve the crown of undue pressure, the gravity 
counterbalance is generally used, shown in rough sketch, 
hig. 97. The suspension cable of the rods is wound on 
the drum of the winch f, whi<di also works tlie counter¬ 



weight c. Tl\p movement of the winch is controlled by 
hand through a governor R, connection w'ith the drum 
being through the medium of toothed gearing or chain 
and‘sprocket. The reserve, of cable on the winch t is 
sufficient to allow of the descent pf one or several rods, 
and by turning t' there is restored to the counterweight 
the length of rope wound by the drumji>. When the 
reserve of cable on t is exhausted, all that is* necessary 
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for its restoration ,is to unclutch the drum and so let 
it turn freely in the axle. 

Some General Considerations — Results and 
Costs. —The cost of boring is greatly aflected by the 
loss in diamonds. Besides getting broken, these are 
sometimes worked out of their setting. To recover lost 
stones a wad of wax or tenacious clay should be placed 
at the end of the rods, gently lowered, and forced to 
the extreme limit of the hole, and then gently withdrawn. 
Usually the more broken the strata the greater the loss 
in carbons; passing through con¬ 
glomerates is a very fruitful sourec 
of I 0 .SS. 

The consumption of coal may 
also prove an important factor in 
cost, and this of course is governed 
by the horse-power of the drill. A 
drill boring a 2-inch diameter hole 
(core Ijj inch) will retjuire, when 
boring at about GOO feet depth, 2| 
horse-power. On pp. 82 and 151 
the horse-powers retjuired for boring 
deep holes have been mentioned. 

1. Arntiigfinui t flxttil to head of , 

purticuiurs of u bore-hole 
“■ pi't down at Besuidenville (Rand), 

although not bored in search of coal, 
but in rocks much harder than coal measure Strata, are 
of interest on account of the detailed nature of the par¬ 
ticulars available. The depth of the hole was 3728 feet. 
The time occupied in its completion was 212 days. The 
rate of boring (through quartzite, conglomerate, Ac.) 
was 17'58 feet y»c)‘ diem, external delays Occupying 
twelve days. For the first 2000 feet a 2|-iiich. diameter 
crown was used, and for the final 1728 feet a 2-inch 
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diameter crown. Delays incidental t<j drilling, repairs, 
loss of carbons, &c., totalled 55 days, or 27 per cent, on 
200 days. The consumption of carbons amounted to 
360 carats, or 8 to 9 carats per 100 feet drilled, which 
at 80s. per carat gave a co.st in lo.ss of diamonds alone 
equal to 7s. per foot. Wages (including overseer) were 
7s. 7d. per foot; sundries, 9d. j)cr foot; or a total cost 
of 16s. 5d. per foot, to which must be added interest 
on £3000, tlie capital cost of the plant. 

In J’ennsylvania particulars t)f ten holes bored in 
the lower coal measures in the year 1895 .show that- • 

The total depth bored in the ton holes was 4577 feet. 

The average dejith of the lioles was 457 feet 7 inohes. 

The average cost per foot was 5s. 9d. 

Tlie average rate of boring was from 13 feet 2 inclios 
to 26 feet 9 inches per shift of ton hours. 

In Natal, during the year 1890, four Government 
drills (three hand and one steam-worked) bored ii total 
depth of 5621 feet, chieHy through eoal-bearing rocks, 
at a cost of 5s. 9d. per foot, without allowing atiything 
for depreciation. Of this depth the steam-driven drill 
accounted for 1945 feet 2 inches at a cost of 7.s. ll|d. 
per foot, which compares favouraldy with results obtained 
in other parts of the world. The loss of carbons during 
1890-91 being only at the rate of 4j(d. per foot, which, 
considering the numl)er of intru.sive sheets of doleritie. 
rock penetrated, was a highly sfitisfactory re.sult. li» the 
year 1891-92 the cost of 6171 feet bored was 5.s. 8d. 
per foot, of which 7d. per foot was for loss of diamonds. 
In the summer and autumn ol»1906 the writer put down 
several holes in the coal-bearing roc^s of northern Natal, 
the deepest of which was 10^)0 feel, nbne l»eing shallower 
than 400 feet, at a cost of 13s. 6d. per foot for ,the first 
600 feet and 208. per foot for the next 400 feet, which 
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price included transport of the drill by train from 
JohannesI)urg, and carriage by ox waggon across 20 to 
25 miles of veldt. The terms of agreement are appended, 
as they are likely to be of use to young mining engineers 
in framing similar contracts. 

An Agreement made and entered into this-day 

of-, by and between Messrs.-, hereinafter called 

the Company of the one part, and the Diamond Drilling 
Syndicate, Limited, hereinafter called Contractors, of the 
other part. 

The said Contractors agree as follows, subject to 
the provisions herein contained, and in manner set 
forth:— 

1. To bore, with one or more steam diamond drills, 

two or more holes, 2^^,. inches in diameter, giving a 
core 1 g inches in diameter, on the Company’s property, 
situated in the district of-. 

2. To bore two or more holes, at a point fixed upon 
by the Company or its duly authorised representative, 
to a depth of three hundred feet, and, at the option of 
the said Company, to continue the holes to a depth of 
600 feet (six hundred feet), should they require such to 
be done. 

3. That 'the said boring operations .shall be at the 
sole expense of the Contractors, who shall provide all 
the necessary machinery, labour, and appliances, fuel and 
water, for carrying out the work expeditiously. 

• 4. To take all possible precautions to preserve all 

cores coming from the bor«-holes, and to prevent others 
than their employees Jrom seeing the same, and to hand 
over all such cores to tue Copipany or its duly'authorised 
representative whenever called upon to do so, and further 
to keep all drilling operations and r^ults secret. 
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6. In consideration for which the Oompany agrees:— 

Fbr every foot drilled, measuring from the surface to 

a depth of six hundred feet, 13s. Gd. per foot drilled. 

In the event of the Coinpnuy deciding to continue the 
bore-holeS 1>eyond a depth of six hundred feet, but not 
exceeding one thousand feet, 20.s. per foot, such payment 
to be made as per Clause G hereof. 

C. To pay at the rate agreed upon at the completion 
of every 100 (one hundred) feet, or any fraction thereof 
that may remain at the completion of each bore-hole. 
Such payments to bo subje(;t to retentions as per Clause 
7 hereof. 

7. The Com{>any shall have the right to retain 10 
(ten) per cent, of all moneys due to the Contractors 
on each bore-hole, until such times us the bore-hole 
has been satisfactorily completed or abandoned as per 
Clause 9 hereof, but any balance due on any bore-hole 
shall not be withheld for more than fourteen days after 
the completion or abandonment of the bore-hole from 
which the money has been withheld. 

8. It is hereby mutually covenanted and agreed as 
follows:— 

That if boring op'erations Imj suspended by .order of 
the Company, or its duly authorised representative, or 
through the Company’s negligence, then and in that case 
the Company shall pay the Contractors for each drill 
rendered idle the sum of ten (£10) pounds sterling per 
day demurrage for the period of such suspension; that is 
to say, that until instructions arc given to the Contractors 
in writing for the drill or drillh so rendered idle to resume 
work. • 

9. That in the event of 4he Contractors losing a bore¬ 
hole, and not being able to complete it to the Lill depth 
required by the Company, subject always to the provisions 

t * * . Jt* 
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contained in Clause 2 hereof, and provided that the fact 
of losing the bore-hole be due to the encountering of 
(a) A cavity in the formation ; 

(c) A seam of running sand, through which it is not 
always possible to bore; or, 

(c) Any other causes which renders drilling operations 
impossible; 

then the Contractors shall not be held liable for the bore¬ 
hole lost, for which they shall be entitled to full payment' 
as per Clause G hereof; provided, however, that in such 
an event the Contractors will, if so instructed by the 
Company, sink another bore-hole on the Company’s 
property in a position which shall be pointed out to 
them, on the same terms and conditions as applied to 
the lost bore-hole. 

This done and signed at this day of 

As Wit7iess :— 

'I'his done and signed at this day of 

IFitncs.vc,'?:— 

In the year 1892' the writer put down several boles 
by a hand-power machine in the same district as that 
mentioned above, the deepest of which was 132 feet, 
deducting the depth of surface soil and clay, &c. The 
core obtained was equal to 62 "81 per cent, of the dis¬ 
tance drilled; and the cost of drilling, excluding interest 
on capital, was 38. 6d. per foot, calculaied over three 
holes. The form of journal used by the writer is shown 
in Table XIX. (p. 171). A year before, a contractor 
carried out boring operations on some neighbouring 
properties, with the^following results. A hand-power 
machine was used giving holies inches diameter:— 

* Sm •' Diaisond Drilling in Nninl,” bjr R. A. S. Rodmayne, 7Vai«. Rri<. Sx., 
Min. Stud.. TOl. XT. np. 135-U2. 
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Holefi drilled—11. • 

Extreme distance apart—S miles. 

Total length drilled—1141 feet. 

Total working days—SO. 

Hours worked per diem— 10'.'). 

Average depth drilled per ilay—22-8M feet. 

The Davis Calyx Drill. —.'\.s lm.s been pointed out 
(p. 156), tlie price of “ enibon.s ” lia.s risen enormously of 
'late years owing to tlie increa.sed demand for these stones 
for diamond drills, and the loss of bort in some deep 
holes has been so great as to cause engineers to seek 
for a substitute. 

The Davis steel cutter, which origimited in Australia, 
has been found to be an eliiciont substitute in rocks of 
moderate hardness, and the American shot drilling process 
has given remarkable results when penetrating hard rocks. 

The Davis Caly.K apparatus comprises four parts 
(Fig. 99): A, The bit, which may be either a tooth 
crown for cutting .soft rocks, or the plain iiattcrn for the 
u.se of chilled steel shot in boring through hard rocks; 
B, the core barrel, which is a tube of a diameter greater 
than that of the rods, but equal to that of the body of 
the bit; F, the hollow drill rods which screw,^through 
the medium of a reducing plug C, into the u|)per end 
of the core barrel, and D and E the calyx, which is a 
prolongation upwards of the core barrel, forming a cup 
or calyx, in which the heavy grains of large size arc 
collected. When Iwring with a steel crown of large 
diameter, it would be difficult to carry to the surface all 
the cliips of rock without vastly increasing the initial 
velocity of the water current, as»a diminution in the 
rapidity df the upward rising *or ’outflowing current 
would be* caused by the great difl'erence in, size of 
core barrel nud*rods, hence,many of the grains would 



164 MODERN PRACTICE,IN MINING 
be carried to but little distance beyond the bead df the 




A. The “ bit” or cutter. 

B. The core barrel. 

C. The rcducing'plag. 

I). Tbe calyx. 

£. The top of the calyx, where 
the velocity of water 
diminishes. 

K. The hollow drill rods. 

The arrows indicate the direction of 
the water current. 


core barrel; as it is they fall back into the cup. 
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Tte toothed crown, which is usually about inches 
thick, is forged from specially tough steel, the teeth 
having an alternately inward and outward set, as in a saw, 
of about i inch, and the toreional strain of the rods 
applied By the slowly rotating gear (about 100 revolutions 
per minute) causes this cutter to move round with a jerky 
motion, and so chip as well as cut the rock. Crowns 
with detachable teeth are sometimes used, as shown in the 
photograph. Fig. 100, and have this atlvantage over the 
older form of crown that the teeth are easily removed when 
broken or in need of being .sharpened, all that is neces- 



Ku;. 1(X). Crown of Davis Calyx Boring Apparatus 
sliowing rcmovahlc t'4>elh. 


sary being the unscrewing of the retaining cylinder which 
holds the teeth fitmly in the seats cut in the crgwn, and, 
as there are two or three {msitions in whiph each tooth * 
.can be set, they can be used until worn very low down. 

The toothed cutter can be employed for penetrating 
sandstones anfl shales of ordinary hardness; but when 
about to bore through more compact or crystalline rocks 
the tithed crown is replaced by another, a plain cylin¬ 
drical steel tube with triaftgular notches cut in the 
bottom, which, running on chiljAd shot, cuts through 
the hard ’stratum much mere quickly. The shot is pro¬ 
duced by atomising molten steel and suddenly chilling it. 
which process renders it^sodiard as to allow of its even 
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cutting glass. No.* 6 size is that most commonly’used. 
It is fed in through a valve on the water hose (Fig. 101), 
and is carried down the hollow bore rods, and so passes 
under the plain bit, which is driven at a somewhat higher 
velocity than the toothed crown, from 10 to ’20 more 
revolutions giving good results. 

The great cutting power of the shot in hard rocks is 
evidenced by the fact that it has been used to bore 
through Canadian corundum rock, 
which defied the attempts of dia¬ 
mond drillers. In other respects the 
fittings do not greatly differ from 
those of the diamond drillers. 

Several borings have been sunk 
in the United Kingdom with the 
Calyx drill. One at Langley Green, 
near Birmingham, to prove the ex- 
ten,sion of the “thick” coal, attained 
a depth of 14G5 feet G inches, at 
an inclusive cost of £2073, 19s. 
It was commenced on July 25, 
1904, and completed May 30, 1905. 
A good example 'of the work per- 
, formed by this drill is given in Mr. 

St. John Durnford's' description of the deep boring near 
Selby, in Yorkshire. This hole was commenced about the 
end of July 1904, and completed about the beginning of 
August 190G, when it had reached the depth of 2371 feet. 
Tlie diameter of the hole at the commencement was 18 
inches, and was diminished ‘from time to time owing to 
the insertion of lining^ tubes, the last 300 feet being 
6 inches diameter. 

> Deep boring at Barlow, noar Selby/’ by H. St. Jt^n Dnmford. Tron$. 
/nst, Tol. xxxiv. p. iSU. * 
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The Cyclone Drill Company of Ohio, U.8.A., 
have also done good work with shot drilling. Figs. 101, 
102, 103 represent some of tlie details of their plant- 
When cutting through the softer rocks they substitute 
“ diaraouflite " for chilled shot, as it does not bed in the 
rock as the shot is found to do, and yet (tbviate.s the 
constant redressing necessary in the ease of steel cutters. 

Obtaining Samples from certain Beds.— There 
is one class of apparatus not yet mentioned which is of 
the highest importance, comprising thwe instruments 
sometimes termed “enlargers,” which are more par¬ 
ticularly used when boring holes by {jcrcussion with 
a chisel to a known bed or beds from 
which samples arc required, or in those 
cases where, owing to the very teinler or 
broken nature of a coal-seam, it is not pos- 
sible to .secure a core by either percussive 
or rotary boring. Fig. 104 illustrates a 
form of tool largely used for the j)urpo8e 
(perhaps more especially on the Continent 
of Europe than in the Fnited Kingdom) of 
cutting samples from the wall of the lutle. It consists of a 
tul>e carrying mints Upper part an enlarging knife, which, 
mounted on a hinge, can be made to jut out against the* 
side of the hole. This tube is of a diameter slightly le.s8 
than that of the hole, and 5 to 61 feet long, closed nt 
the base. The weakening to the upper part of the tube, 
due to the opening which serves for the passage of the 
rock cut by the knife, is compensated for by an iniler 
strengthening tube. In Fig. 104, ah is the cutting 
part, and ac, hd sloping edges* which allow of easy 
vertical hiovement of th(k knife, ahd prevent obstacles 
stopping* the siescent or ascent of the tool. JVhen this 
tool, replacing the cutting chisel or crown, has been 
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Fio. 104.—Enlarging Tool for 
taking Samidei of Coal-teama 
or other Beds. . 


causing tlie blade to , project and enables the hole 
be out upwards or downwards. 


to 
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Experience has shown that tools «of this nature are 
ylnost effective in holes of small diameter. 

Particulars as to Boring in General. Surface 
Erections .—When putting down a group of Imrings, one 
central stfeam-generating plant only will be necessary, and 
each machine may l)e fitted with its own steam-engine or 
electric motor, instead of, as is sometimes the ciwe with 
^a single plant, being driven by the Im-omotive type of 
engine. In all probability, if the work is on a large scale, 
electric driving will be found most suitable, especially if 
the prospecting operations are being carried on in search 
of petroleum, when, also, it will be advisable to remove 
the boiler as far as possible from the site of the holes. 

If the >fork is to occupy a long time, especially 
under certain climatic conditions, the site of the boring 
operations should be covered in, in which case a boring 
tower will be reared vertically above the hole and sub¬ 
tended by the shops, &c. In order to allow of the 
raising of 15 metres of rods in one lift, on the Con¬ 
tinent these boring towers are frequently as high as from 
20 to 25 metres, and, though there they are usually 
constructed of wood, it will be found better to make 
them of some incdmbhstible material. 

Lining and Size of Bore-holes. —The, operation of 
lining a bore-hole necessitates a reduction in the diameter 
of the hole from time to time. Hence there have to be 
included in thfe boring outfit sets of boring tools suited 
to these variations in size. The initial diameter of the 
boring is determined by the final diameter which one 
is desirous of obtaining, anil the number of different 
sizes of tubing which it is calculated will be required 
from the depth of the hole* and &e nature of the strata 
to be penetrated. 

The rotary Inethods of boring do not allow of such 
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large diameter of 'hole as is frequently required when 
water or petroleum is the object of the search, the 
flushing water, when the hole is of large diameter, not 
being sufficiently rapid to enable the effective removal of 
the large amount of debris which is made in such cases; 
whereas by Fauck’s system, with reversed current, boles 
18 inches in diameter have been successfully Iwred. 

When lining out a section of hole it is usual to^ 
employ Mannasman tubes for the purpose, with exter¬ 
nally smooth joints, the lower tube having a cutting 
shoe, which assists the descent of the column of pipes. 
Another process, of more recent date, and known as 
cement tubing, has, however, the advantage of not re¬ 
ducing the diameter of the hole, and is at the same 
time quite water-tight. It is chiefly employed wlien 
passing through ahsorhinej as o{)posed to spoutmg strata. 
A thin mixture of cement and water, known as “milk 
of cement,” which sets quickly, is used as the injecting 
fluid; as it is injec.ted tlie rods arc gently and gradually 
raised until above the part where the side has fallen in 
or is weak, after which the rods and the upper part of 
the hole are washed with clear water, and boring through 
the porfjon so “ crowned ” is resumed. The greatest 
* drawback to,this process is its slowness. 

Recording of Remits .—It is most necessary that 
boring results should be carefully chronicled; the form 
of journal that the author adopts is given* in Table XIX. 
as possibly serving as a guide to young engineers. Varia¬ 
tions in the strata can nearly always l)e determined, with 
considerable aceuracy by ealefully noting the changes in 
the colouration of the ascending water, and by making 
marks on the rods at the moment of change. When 
the outflowing water-changes to inky black it is advis¬ 
able, as this is an indication that coal Has .been struck. 
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Put down on the Balleng^eicb Kama, Klip River Connly. Natal. 
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to at once cease boring, raise the rods, and extract the 
core. Then, when the rods have been re-lowered, to 
thoroughly scour out the hole, continuing the flushing 
until the water emerging therefrom is quite clear; then 
by boring through the seam a core will be' obtained 
which on analysis will represent a more correct estimate 
of the value of the seam in respect of ash contents than 
if loring had been proceeded with in the first instance. 



CHAPTER VI 

SOME BOniNG Pm)BLEMS 

, The Determination of the Amount of Devia¬ 
tion from Verticality and Deflection of Bore¬ 
holes.— Bore-holes, especially those bored with turning 
tools, are never perfectly perpendicular, though the extent 
of the deflection varies considerably in different cases, 
depending on the inclination of the strata and the nature 
of the alternations of the strata. Thus in hig. 105 a 



drill (a) is on 4;he point of passing from a hard stratum 
(6) into a soft one (c), and as it will Iwre (juicker in the 
soft than in the hard rOck, the tendency will be for the 
drill *to assume a position appioximating to the dotted line. 
The bend will be in the other dirqption when the reverse 
is the cafle, and in some jpstanftes-of deep borings, no 
doubt, the hole assumes a helical form. 

A hole put* down by diamond drill at the Holyrood 
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Brewery, Edinburgh, showed a lateral departure* of no 
less than 8 feet in a depth of 200 feet, as was proved 
by a drift, driven from the bottom of a well, inter¬ 
secting it. Tlie position of the hole underground was 
discovered by lowering bar magnets down' it, and 
observing the effect of the same on a compass placed 
in the drift. At Sandhurst and Stawell in Victoria, 
Australia, the deviation from the initial direction of 
holes sunk by diamond drill was as much as from .30* 
to 75 feet in bores of 500 feet depth, it was the case 
of a lo.st bore at Stawell that led MacGeorge to devise 
his method of estimating the variation. The Lohse 
bore-hole, sunk perpendicularly with a diamond drill 
from tile liottom of a shaft on the Simmer and Jack 
projierty (Transvaal), was found subsequently to be 
deflected 15 feet to the north in a depth of only 300 
feet; in this case, as the strata were dipping to the 
south, the hole was across the measures. 

The Surveying of Bore-holes.— There arc several 
methods of determining the amount of the variation in 
the direction of a bore-hole; the six best known are, 
however— 

1. Ncltcn’s. 

2. M'Farfcvne’s. 

3. Otto’s, and others of a like character. 

4. Mcine’s. 

5. MacGeorgc’s. 

G. Marriott’s. 

1. Nolten's /((.stntmeaf. c—’I’his invention of Heir G. 
Nolten of Dortmund, in Germany, which was one of the 
earliest methods devised for ^determining the ‘deflection 
from verticality of .bore-holes, is based on the, fact that' 

> Tratu. N. ofS. Imt. MJS., vol. xxix. [imj, p. 
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liquid? always maintain their natural level, and that if 
the liquid be hydrofluoric acid it will record the varia¬ 
tion of level by etching on glass. i'up[K)se Fig. 106 
represents a glass vessel, the bottom being flat and the 
sides at right angles thereto, and into this is poured a 
liquid composed of, say, one part of hydrofluoric acid to 
four of water. If this instrument 
be placed in an inclined position. 

So that the surface of the liquid 
assumes the form of an inclined 
plane ab, and it be kept still for 
about half-an-hour, the level of 
the liquid will be etched on the 
glass; then if .some of the liquid 

i)e poured out and the vessel placed horizontally, the 
surface of the remaining lujuid will constitute a plane al, 
tlie line of which will, after the lapse of some time, be, 
as before, etched on the glass. Drawing oe parallel to 
cd, there is formed a right-angled triangle (the, the angle 
hue being the angle of deviation from verticality. 

Fig. 107 illustrates the form of in.struraent u.scd. It 
is constructed of brass with the exception of n, which re¬ 
presents a series of gutta-percha rings for taking up the 
shock in lowering and raising the instrument. In order to . 
determine the direction of the (hadination, tlTe glass ve,s.scl 
with the etching liquid is fitted into a ring which is rigidly 
connected with a comfwss, and having found the line of 
inclination (etched on the glass), the whole combination 
(glass, ring, and compass) is inclined in this plane, ami 
the direction in a horizontal position of this line read off 
by degree marks on the ring, and^at the same time the 
compass l»earing; the diffeyince fcf thpse readings being 
the magnetic bearing of the line^ of inclination. The 

mechanism itself, shown in Fig. 108, is fixed by means 

• 
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c 

of a rod into the space cd (Fig. 107). The needle e is 
clamped by means of a stop-watch / acting on the lerpr 
g after sufficient time has been allowed for it to settle; 
h represents the glass vessel containing the etching liquid, 



and i the middle plate on which the compass needle, set 
high, rests. . • * , ♦ 

The position ocoupjed by the mechanism in* the brass 
casing is indicated by the dotted lines in Fig.. 107. 
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Thbugh an imperfect instrument, remarkable and start¬ 
ling results have been obtained with it. In the summer 
of 1874 the Gustav Adolph Iwre-hole, near Dieuslaken, 
was sunk by rotary boring and stopped at a depth of 750 
feet, being tubed all this distance. Experiments were 
canied out with Nolten’s apparatus, which gave the 
following results 

, At a distance of 200 feet the hole sliowed an inclination of 2° from vertical. 

» „ 300 „ „ „ 

» .. 430 .. «r 

,, .. 750 „ „ „ 47 '’ 

At another boring near Leith, in Holsten, for feet 
the hole was perpendicular. 

At 656 feet it liaJ a visible inclination. 

„ 984 „ the inclination amounted to 3’. 

„ 1640 „ tlie inclination was small, 

„ 2624 „ tbe inclination was only 1° from vertical, and 
this it retained to a depth of 3280 feet. 

It is interesting to note that this hole was proved to 
have followed a twisting or spiral course, like the rifling 
of a gun, for at 1640 feet the bearing was N.N.E., whereas 
at 2296 feet it was N.N.W. 

2. placed a steel pipe, screwed op to the 

end of the Itoring rods, within another short steel pipe, 
the bottom of the inner pipe being open whilst that 
of the outer one was closed ; the annular space between 
the pipes he usad as a mercury bath, on which was floated 
a gutta-percha arrangement carrying a magnetic needle. 
Two iron wires passing up the inner tube were bared 
up*to* a point an inch above the mercury, beyond which 
they were insulated, and .each was jained by an insulated 
copper wifb passing up tte bore rods to the surface, 
^here they were attached to a tangont*galvanometer and 
battery. The action of this, apparatus is simple. The 

vdui. * n 
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bare iron wires dip into the mercury more or less, 
according to the inclination of the hole, and so vary 
the resistance of the magnetic circuit. The amount of 
deflection of the galvanometer on the rotation of the rods 
shows the inclination of the holes; the direction of the 
dip being determined in a somewhat similar manner by 
a wire carried up to the surface and 
connected with a magnetic needle. 

3. Otto's and Other Methods. —P? 
Arrault’ was one of the first to em¬ 
ploy the compass for determining the 
dip of strata jjenetrated by bore-holes. 
Gothan, Kocbrich,^ and Vivian have 
all devised and used methods more or 
less similar, but they present draw¬ 
backs preventing their general or 
extensive use. The method of Otto 
of Hildesheim, devised a few years 
ago, seems more practicable. A rod 
of non-magnetic metal (bronze) is in¬ 
serted in the susijended bore-rods at 
a small height above the crown, and 
carries in its middle (Fig. 109) a box 
guided by vertical grooves, preventing 
rotation; and ducts bored in the 
thickness of the metal allow of the 
passage of the water-current. This box, closed by a 
water-tight conical lid, is divided into three su[)erimposed 
Compartments, A, B, C. The compass is placed in A; in 
B is the clockwork on the clarm principle, which governs 
the mechanism for loosening and fixing the compass, and 
the drum on which is rolled t-he suspension thread for the 

■ kemt VtUKrtrfir rf« Minet, SnJ series, toI. xii. 1890, p.* 3ft 
• Tecklenburg, op. oil., »ol, cxi. p. SO, ud PUte t 
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plumdiet, which hangs in the compartment C. It is this 
thread which registers the deviation of the l>ore-hoIe. 
The alarm being regulated in accordance with the time 
taken to lower the apparatus, allowing an ample margin, 
the crowft and rotls are lowered down the hole, and at 
the expiration of the period of time at which the alarm 
was set to work the fixing arrangement the freely swing¬ 
ing needle of the compass is clamped. When this hapjwns 
the thread is unwound, and the plummet falling on a thin 
plate fixed on the bottom of the box, makes a dent, 
from which mark and the height of the box the amount 
of inclination of the hole can be calculated, tlic clamj)ed 
needle recording the declination. 

Some engineers, the German.s es])ecially, have disputed 
the value of this method, and certainly it is open to grave 
criticism in that it determines the variation of the holes not 
by the core but by the core barrel, each turning movement 
of which, when breaking off or raising the core, causes 
some increase of error whicli is indeterminable; and the 
shaking of the rods may put the delicate mcchani.sin out 
of gear, or, if imperfect in respect of water tightness, the 
clockwork is drowned and ceases to act. But, though fail¬ 
ing to give good resuFts in some districts in (Jertyany, the 
apparatus has been used successfully in several instances 
elsewhere. 

4. Dr. Meiw's Method. —The recent invention of 
Dr. Meine of* Berlin removes one of the chief causes 
of non-success inherent in the above apparatus. The 
arrangement for fixing the magnetic needle of the Otto 
apparatus is discarded, Dr. Meine using, to effect this 
purpose, a ball (Fig. 11 Cl) which ismiade to fall through 
the interior of the rods. This is pressed on the guide-seat 
mm by the water-current, the pas.sage of which it opposes, 
forcing down.the rod I, which is terminated at its ba.se by 

% * m 
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a conical piece causing, in moving down, the displacement 
of* the eccentric k, and hence the rotation of the ajtis h, 
which, through the medium of the ring g and of the 
lever /, effects the raising up of the needle against the 
plate p. It is also so constructed as to assure the per¬ 
fect water - tightness of the com¬ 
partment containing the needles. 
The upper part c is fixed to the 
base by a screwed ring d, with the* 
interposition of an indiarubber 
washer e. The rods I and k move 
through friction sockets as shown. 

The Stratameter Gesellschaft 
of Berlin accords to this apparatus 
many advantages over the older 
types, one of the most notable 
being the fact that it can be ap¬ 
plied to holes of small diameter 
more easily than the older and 
somewhat similar forms. The 
moment at which the stratameter 
works can l)e determined at the 
surface by the ■ increase of the 
pressure in the water of the force- 
pipe when the ball n is in the 
position shown in the sketch, and 
a sudden decrease when it is on the 
seat. 

* 5. The MacGeorge or Clitwgraph Method }—In this 
method a clear glass phial or “clinostat” is nearly 
filled with hot gelatine, the original formula for the 
preparation of which sdems bo have been lost tince Mac- 
George devised the apparatus. At one end a ^Fig. lliy, 

^ For A detoiled sc»ouDfc of this apparatat see Snginetrhugt ^Urcb 13^ 



Flo. 110.—Moitie’s Strata, 
meter. 
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it oonUins a magnetic needle in suspension, and in the 
upper bulb h a plummet consisting of a 
fine rod terminating below in a plumb 
of solid glass and attached above to a 
diminutive bulbous float, the whole being 
very carefully adjusted to the specific 
gravity of the gelatinous liquid. In the 
lower bulb the magnetic needle is also 
^eld up by a glass float The small glass 
tube passes through an air-tight cork and 
screw at the upper end, the glass bulb a 
terminating the glass cylinder e, whilst h 
is a bulb terminating the 
small glass tube d; c is an vtying.) 
air-tight cork and screw capsule, and / is 
a cork into which the lower end of the 
inner glass tube passes, preventing the 
escape of needle and float. 

The clinostats are heated, enclosed 
within a brass protecting tube (see Fig. 
112), and lowered by line or rods into 
that part of the hole which it is desired 
to test; and sufficient time having been 
allowed for the liquid to cool anti congeql, • 
the apparatus is drawn to the surface, and 




. c 


:3 —d 
■e 


M-i 




Fio. U2.<>-Hac- 
Geom'B Clino* 
stat in itsIPro 
tecting Tnbe. 


the inclination and azimuth at the time 

• of congelation determined by placing the 
clinostat in the same position which it 
occupied at the time of congelation in 
the bore-holt. The phial or clinostat 
with its congealed contents is placed 
within the iheatlf (r)*of tbe instrument 

• shown in Fig. 113„ termed a ejinometer; 


the upper bulb (2) of the phial is brought into the 
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field of vision of the two cross-visioned microscopes 
(3 and 4), there being vertical lines drawn upon the 
object-glass of each microscope. The phial is revolved 
in its sheath, and the arm (5) is moved along the 
arc (6) by the tangent worm (7) until the plummet (8) 
is made perpendicular as viewed from each microscope, 
i.e. parallel with the vertical lines on the object-glasses. 



Kkj. nit. “ MacGeorjfc’s Cihionirlor. 

(Luptoii’N Mine Snnfy{$uf,) 

The phial^ is then in the same posUioa in which it was 
‘When its'contents were solidified. (9) is a revolving 
circular mirror with parallel lines engraved acrass it; 
on it the needle will be reflected. Now, seeing that 
the needle, when the clinostat was lying, in the hole, 
pointed to the magnetic north, if the mirror is 
revolved until 270° of the graduated circle (10) is 
opposite the north end of*the needle, and until' the 
reflection of the nefdlc is parallel with the en¬ 
graved lines, the, index at^ the other side of the 
graduated mirror frame gives the angle. Itetjvecn the 
needle and the vertical plane of revolution of the 



BORING PROBU!MS 188 

phUl,* which is the magnetic bearing of the inclined 
phial. 

By applying this methml at stated Iwring distances 
a bore-hole may Ije accurately surveyed, and this instru¬ 
ment, the invention of an Australian miner, has been 
largely used in Victoria, Western Australia, the West 
Coast of Africa, and elsewhere. 

There are two disadvantages to bo urged against the 
apparatus. The first is that it cannot be used in those 
cases where the increase in heat is great, as a high tem¬ 
perature prohiltits congelation of the gelatinous liquid, 
consequently it may be said to be limited to lioles of under 
1000 feet in depth; and secondly, the fact that the receipt 
for making MacGeorgc’s gelatine composition has been lost. 

6. Marriott’s invention^ (lonsists in the use of elec¬ 
tricity as a means of liijiu-fying in situ a solid for record¬ 
ing readings, tliereby eliminating the liability to error due 
to the motion of the instrument. His idea was to devise 
an instrument which would give clieck readings in one 
operation, instead of having to lower it down again and 
again, an operation occasioning a great loss of time, and 
hence considerable exi)en8e. This necessitated an instru¬ 
ment the variatkins-recorded by which could be read at 
the surface as the instrument descemled, therefore he* 
had to resort to electricity as his means of conveying 
the varying records from the hole to the surface. But 
he has invented two kinds of apparatus, a continuous 
recording instrument for determining the variations in 
the amount of dip in a bore-hole, and an intermittent 
recording instrument for determining the variations in 
direction of the course, of a borc-^ole, and the variations 
of the anlonnt of dip throughout? such, bore-holp. 

1 “ Deep* Bore-^ole Serveyiog,” by H. F, Msiriott, Tnuu. Jnit. Min. awl 
xir. (1904-«). p. ZSS. 
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• 

The Continuous Recorder, for determining vari&tiona 
in dip (Figs. 114, 115),* illustrate this instrument, in 
which A is a gun metal cylinder, B a hemi-cylinder of 
brass, hV pivot screws supporting B, aa' metal plates, 6*6* 



discs att^hed to the ends of B, C an elK>flite disc, DD' 
bracked fixed to B and carrying the vertical rod E F a 
plomb bob pivoted to E and attached in such a manner 
that It can swing in one plane only; G is a switch arm 
attached to the top of the plumb bob, cariying at its 
upper end a strip , of p’latinom. The movement of F 

■ Tfa« Mthor to indebted tt, th-. Council of th« iDatitntion of Mlni4 
targy permlnion to rcprodoce the iUurtmiont of Mr. ll»rri4t-7!pp,Jt^' 
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oaaaes 6 to describe an aic abovit a centre /, which is 
the centre of oscillation of the plumb bob. H is a 
commutator fixed on the vertical rod £, and upon which 
the platinum strip on 6 presses gently. The commutator 
H consists o( numerous metal contacts h of varying re¬ 
sistances, commencing at, say, a minimum and finishing 
with a maximum, interspaced with ebonite pieces h'. J 
is a resistance coil connected up with H, and MM' are 
’weighted segments which combined with the weight of 
the main portion of the rest of the instrument operating, 
when the outer casing A is tilted in any direction, to 
revolve the hemi-cylinder B on its pivots hh', so that the 
switch 6 may move in a vertical plane. Two wires, k 
and ¥, which pass the electric current through the instru¬ 
ment, may be connected up with a series of primary or 
secondary cells of known electromotive force, a galvano¬ 
meter and a standard resistance box; the declination of 
the plumb bob F from the vei tical can be determined by 
the galvanometer, the various resistances of the coil 
having previously been compared with those of the 
standard resistance box. 

The Intermittent lieconler, for determining the varia¬ 
tions in direction* of’the course of a Imre-hole, and the 
variations of the amount of dip throughout tlie same, • 
consists of A (Figs. 116 and 117), a copper cap; B and C, 
screw caps; E, lead washers; aa, two cylindrical pieces of 
ebonite through which the wires dd' prss; D, two wmeen- 
tric rings of brass, to one of which the wire d is attached, 
d' being fastened to another, these wires being locaWd 
in grooves a* a* in the exterior of fhe tube, and insulated 
from the tube A and the plugs B and C. The ring F 
keeps theVires dd' in position, add 6 and H are terminals 
'to which the wires are connected, gg'•being washers, and 

J is.a resistanee coil to which 6 and H are attached. 

• « 
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K is a vertical needle rigidly attached to the nut k, 
which serves to screw up the same through the plug C. 
L is a magnetic compass balanced on the point of K, 
whilst I is the conical ))ase to which L is affixed, M 
being a silver mirror fixfed on top 
of the compass when it is desired 
to make a test. Before lowering 
into the hole, the magnetic com¬ 
pass L having been arranged in* 
position on needle K, molten par¬ 
affin wax is poured into the tube 
until the lower portion of the 
compass attachment is well be¬ 
low the surface. This is allowed 
to solidify, and the top plug B 
being screwed on, the instrument 
is placed in a protecting casing, 
and the wire.s ihl' connected to the 
.source of supply of the electric 
energy through the medium of an 
electric cable. When the instru¬ 
ment has been lowered to the 
desired spot, a .strong current is 
passed through the resistance coil 
J for a period long enough to 
melt the wax, when the needle 
will assume its true magnetic 
north and south position. The 
wax is allowed ample time in which to again solidify, then 
the instrument is drawn to <the surface, and the direction 
of the dip ascertained l)y observing the declination of the 
niirror M from the horiz6ntal,,)vith regard to the direction 
of the cogipass L. . Fig. 117 illustrates the adaptation of 
the marine compass, but this bi»« b«in fnrt.bor mmliRod 



Fki. 1U». -MiirriiittV Intor- 
iiiittont Hectirdor. 
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KK!. 117. 


and iniproved. The inner ring and liand has been replaced by 
a hemispherical cup 0, in which the vertical needle carrying 
the compass is fixed. Paraffin wax is poured into the tube 
until it reaches about half-way up 
the outer side of the cup, and only 
just sufficient wax as is necessary 
to securely fix the base of the com¬ 
pass is poured into the cup itself. 

* As pointing to the great 
value of having an accurate sur¬ 
vey of a bore-hole, the instance 
of the two deep bores sunk by 
the Turf Mines, Ltd., in the 
Transvaal, may be ijuoted. Both 
of these holes showed considerable 
declination from the vertical. A 
survey of the east hole is given 
in Fig. 118 as being the deepest. The actual depth 
of the reef from the surface at the point where it was 
struck was 3910 feet, the distance bored being 4802 feet, 
or 892 feet more than the ver- 
tical depth, though 43 feet short 
^ ■' of the calculated depth of the 

reef below the top of Ihe bore¬ 
hole. Marriott’s iilstrumeut was 
used to survey these holes. 

To determine the 
Strike, Dip, and true 
Thickness of Coal-seams 
by. Boring. Deiermimtion 
of Strike awl Dip. —Having 
put do«vn.three Imre-holes in 
such a pQ^itiop that they form, roughly, an equilateral 
triangle, reduce, the depths of the IioIqs as from a datum 




B • .. 


Kio. 119. 





118 . BecU^ of Sut Bore-bcde sank bv iliA Tnrf ifii 
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line (tills can be done by levelling) ; so that if ak, bB, cC 
(Fig. 119) represent the holes as bored, the points A', B', 
C' are in the same horizontal plane. 

Then snppoae at No. 1 hole the depth A'A «ifX) yanU. 

„ * ^ 2 „ „ 150 yards, and that this hole w 

3(H) yards due south of No. 1. 

„ „ 3 „ „ C'C—StX) yards, and that it is distant 

350 yards in a direction S. 50'' £. 
of No. I hole. 

Then the strike and dip of the seam within the area 
A'B'C' can be determined either graphically or by calcula¬ 
tion, always suppo.sing geological disturbances to be absent. 
Let Fig. 120 represent the relative position of the holes. 

Then * a* — h *+- 2bc cos A'; 

a* = 350*+ 300*-2 (350 X 300) cos* M)'*, 
so a=278 yards. 

The difference of level between the scam at No. 2 and 
No. 3 holes is 50 yards, and 278 f 50 = 5 G6, or a dip from 
B' in the direction of C' of 1 in 5 50. 

To find the level course or strike piweed along the 
line B'C' until a point L is reached, where the seam is 
at the same depth as at A', that 
is, 10 yards deeper than at B, and 
5-56x 10 = 55-6 yards, or the distance 
that L is from B'. LA is the line ot 
strike, and the dip is at right angles 
to it, in this instance in a right- 
handed direction. The course of LA 
and of the dip could be taken by compass-bearing, or 
. determined by calculation. Thus— 

By trigonometry— 



■in A' 
. o 

■in K 
350 ° 


■in B' 
“ b • 
■in 

“S78 ’ 


i See £udid, Book 11., proiK, 12 Mid 13. 
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tnultipljring throogii by 3S0, 


. 350 sin 50° 

sin B = 2 ^^—=’965, 


and the angle of which this is the sine=75°. 

Therefore the angle B'=75°. 

It is then necessary to find the length of LA'. 

In the triangle A'B'L we know that— 

A'B'=300. 

l!'L=5.5-6. 

Angle B'=75°. 

Tliat is, two sides and the included angle is known, and 

A'L*= A'll*+B'L*-2A'B'x BLcoa B'; 
A'L=2'J0B1; 

and to find the angle LA'B' (or fl), 

sin 6 sin B' 

B'L A'L ’ 


. „ B'L sin B' ,,,n 
sin <1= ,,, =10 3/, 

A ti 

i.e. A'L is 8. 10” 37' K. of A', 


which is the bearing of the strike from whicli the bearing 
of the dip is calculated. The dip is at right angles to 



' the line of strike, and the reduced depth, of the bore-' 
^ holes have shown that it is in the right-handed direction. 





BORING PROBLEMS 


19 ] 


Therefore by Fig. 121— 

90-10-37 »79''(a'. 

So the bearing of the dip ia N. 79° G3' K In order 
to arrive at the amount of the dip, draw (see Fig. 120) 
from the‘point I and at right angles to LA' the line /(/. 
Determine the length of this line, and dividing the same 
by the difference of level between the points I and O'. 

IC/ in yaixls 
40 yimis 

BO I ill X will be the amount of dip. 

Determination of true Tliicknefts of the Seam .—There 
are two ways in which this can he done, the algebraical 
and the trigonometrical methods. 

Suppose the dip of a .seam is I in G, and 



the thickness, as proved by a vertical boring, is 54 ine.hcs, 
required the true or perpendicular thickness of the seam ? 
In Fig. 122— 

• »K d is t(i f, BO is f U> li, 

an<l d is 6 timos c, 
sn r is ti times h ; 


and a’at’+i'', 
or 

and _ 


hence 6=8-878,^ . 

.-. c=53-208. 
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Or by irigononietry (Fig. 183)— 

AC=M'', 

tan UAE=%’. 

h 6 

$, the angle of dip U the angle 1)AE, and bccaune the triangles DAE and 
ACB are similar triangles 

the angles DAE = the angle ACB ; 

and having that Un fnnn the mathematical tables it is found that the 
angle 28'. 

Again 

AC 

.*. BC = ACcas0 
=^54x-!)Wi 
= 5.3-24. 



